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@ Neurite-promoting factor and process for the manufacture thereof. 

(g) The invention relates to a neurite-promoting factor re- tsi 
leased by gliaJ celts, to related proteins and fragments thereof * 
retaining their neurite-promoting activity, to DNAs coding for 
the amino acid sequence of said neurite-promoting factor and 
fragments thereof, to hybrid vectors containing such DNAs. to 
hosts transformed with such a hybrid vector, to processes for 
the preparation of said DNAs, vectors and transformed hosts, 
to processes for the manufacture of said neurite-promoting 
factor, related proteins and its fragments, and to their use in the 
treatment of lesions in the nervous system. 



STOP 



" C '»tl la IiimN to 



tofc H tf 



— ca 



— stiti v snicts m tmittmi tiu 

— cio it stovtia a ttstiinei inc 
221 taw cuu scsiuu ii rssunt ijt 



|« -liall 

tf -f»iO 



-ATTORNEY-DGGKET-NUIv1BER: L 102G0-003- 
SERIAL NUMBER: 09/830,972 
"REFERENCE: AG 



Bundesdruckerei Berlin 



0 233 838 



D scription 

Neurite-promoting factor and process for the manufacture thereof 

The invention relates to a neurite-promoting factor released by glial cells, to related proteins and fragments 
thereof retaining their neurite-promoting activity, to DNAs coding for the amino acid sequence of said 
neurite-promoting factor and fragments thereof, to hybrid vectors containing such DNAs, to hosts 
transformed with such a hybrid vector, to processes for the preparation of said DNAs, vectors and 
transformed hosts, to processes for the manufacture of said neurite-promoting factor, related proteins and its 
fragments, and- to their use in the treatment of lesions in the nervous system. 

Glial cells are thought to exert crucial regulatory functions during the development or following lesions of 
the nervous system. Knowledge about the nature of these glia-neuronal interactions requires the identification 
of macromolecules present in minute amount in the in vivo situation. Cultured rat glioma ceils release a 
macromolecule which promotes neurite extension in neuroblastoma cells. This rat glia-derived neurite-pro- 
moting factor (GdNPF) has been purified and characterized [J. Guenther, H. Nick and D. Monard, EMBO J. 4 t 
1963-1966 (1985)]. It is a protein having an apparent molecular weight of 43 000 which causes both neurite 
extension and efficient inhibition of serine proteases such as urokinase, tissue plasminogen activator, 
thrombin and trypsin. The formation of a sodium dodecyl sulfate resistant complex between the proteases and 
rat GdNPF has been demonstrated by the same authors. Rat GdNPF inhibits the plasminogen activator activity 
released or associated with tumour cells and interferes with the migration of granule cell neurons taking place 
during the development of the cerebellum. 

Such a neurite-promoting factor and related peptides, which cause neurite extension and inhibit serine 
Droteases, are expected to promote nerve fiber regeneration following lesions in me nervous system and to 
interrere with the migration of normal and tumour cells. However, therapeutic applications of the known rat 
GdNPF to man are severely hampered by the expected antigenicity of rat GdNPF to man. This problem can be 
surmounted by the use of human GdNPF. 

It is an object of the present invention to provide human GdNPF. The problem of industrial synthesis of 
GdNPF, fragments thereof retaining neurite-promoting activity and GdNPF-related peptides can be solved by 
the methods of recombinant DNA technology. A further object of the present invention is therefore to provide 
DNAs coding for GdNPF isolated from natural sources through establishment of a cDNA library of rat glioma 
cells, human glioma cells and optionally other glial cells, and a method of selection for DNA coding for GdNPF, 
and to provide DNA mutants and synthetic DNA sequences coding for GdNPF, GDNPF-related peptides or 
GdNPF fragments retaining neurite-promoting activity. These DNAs are introduced into hybrid vectors. 
Microorganisms or mammalian cell cultures transformed with such hybrid vectors will express GdNPF or 
fragments thereof. It is a further object of the present invention to provide such hybrid vectors, transformed 
hosts, a process of manufactured of GdNPF, GdNPF-related peptides and fragments thereof, pharmaceutical 
preparations containing GdNPF, GdNPF- related peptides and fragments thereof, and a method for the 
treatment of lesions in the nervous system with such compounds. 

The invention relates to essentially pure human glia-derived neurite-promoting factor (GdNPF), related 
polypeptides and fragments thereof retaining neurite-promoting activity. These compounds cause both 
neurite extension and inhibition of serin proteases. 

More specifically the invention relates to human GdNPF of the formula 
Xi -Ser-His-Phe-Asn-Pro-Leu-Ser-Leu-Glu-Glu-Leu-GIy-Ser-Asn-Thr-Gly- 1 6 
lle-GIn-Val-Phe-Asn-Gln-lle-Val-Lys-Ser-Arg-Pro-His-Asp-Asn-lle- 32 
Val-lle-Ser-Pro-His-Gly-lle-Ala-Ser-Val-Leu-Gly-Met-Leu-Gln-Leu- 48 
Gly-Ala-Asp-Gly-Arg-Thr-Lys*Lys-GIn-Leu-Ala-Met-Val-Met-Arg-Tyr- 64 
Giy-Val-Asn-Gly-Val-Gly-Lys-lle-Leu-Lys-Lys-lle-Asn-Lys-Ala-lle 80 
Val-Ser-Lys-Lys-Asn-Lys-Asp-lle-Val-Thr-Val-Ala-Asn-Ala-Val-Phe- 96 
Val-Lys-Asn-Ala-Ser-Glu-lle-Glu-Val-Pro-Phe-Val-Thr-Arg-Asn-Lys- 112 
Asp-Val-Phe-Gly-Cys-Glu-Val-Arg-Asn-Val-Asn-Phe-Glu-Asp-Pro-Ala- 128 
Ser-Ala-Cys-Asp-Ser-lle-Asn-Ala-Trp-Val-Lys-Asn-Glu-Thr-Arg-Asp- 144 
Met-lle-Asp-Asn-Leu-Leu-Ser-Pro-Asp-Leu-lle-Asp-GIy-Val-Leu-Thr- 160 
Arg-Leu-Val-Leu-Val-Asn-Ala-Val-Tyr-Phe-Lys-Gly-Leu-Trp-Lys-Ser- 176 
Arg-Phe-Gln-Pro-Glu-Asn-Thr-Lys-Lys-Arg-Thr-Phe-Val-Ala-Ala-Asp- 192 
Gly-Lys-Ser-Tyr-Gln-Val-Pro-Met-Leu-Ala-Gln-Leu-Ser-Val-Phe-Arg- 208 
Cys-Gly-Ser-Thr-Ser-Ala-Pro-Asn-Asp-Leu-Trp-Tyr-Asn-Phe-lle-Glu- 224 
Leu-Pro-Tyr-His-Gly-Glu-Ser-He-Ser-Met-Leu-lle-Ala-Leu-Pro-Thr- 240 
Glu-Ser-Ser-Thr-Pro-Leu-Ser-Ala-lle-lle-Pro-His-lle-Ser-Thr-Lys- 258 
Thr-lle-Asp-Ser-Trp-Met-Ser-lle-Met-Val-Pro-Lys-Arg-Val-Gln-Val- 272 
lle-Leu-Pro-Lys-Phe-Thr-Ala-Val-Ala-Gln-Thr-Asp-Leu-Lys-Glu-Pro- 288 
Leu-Lys-Val-Leu-Gly-lle-Thr-Asp-Met-Phe-Asp-Ser-Ser-Lys-Ala-Asn- 304 
Phe-Ala-Lys-ll -Thr-X 2 -Ser-Glu-Asn-Leu-His-Val-Ser-His-lle-Leu- 320 
Gln-Lys-Ala-Lys-lle-Glu-Val-Ser-Glu-Asp-Gly-Thr-Lys-Ala-Ser-Ala- 336 
Ala-Thr-Thr-Ala-IIe-Leu-lle-Ala-Arg-Ser-Ser-Pro-Pro-Trp-Phe-lIe- 352 
Val-Asp-Arg-Pro-Phe-Leu-Phe-Phe-lle-Arg-His-Asn-Pro-Thr-Gly-Ala- 368 
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■ Val-leu-Phe-Met-Gly-Gln-lle-;^ .ys-Pro 378 
(I). 

optionally glycosylated, wherein Cys is optionally in the disulfide form. X, is hydroqen acvl for examniP (nmu i 

™r y1, e - 9 - palmitoy1, myristoyi or iower aikanoy,> such as acetyi ° r ^^.^ssssi 

-19 -15 -10 _ 5 

Met-Asn-Trp-His-Leu-Pro-Leu-Phe-Leu-Leu-Ala-Ser-Val-Thr-Leu-Pro-Ser- 
-1 

Ue-Cys- (n)( 

or a fragment of the residue of formula II comprising between 1 and 18 amino acids from the carboxvl end 

22?i£ acy orm - and Xz is Arg or Thr - G,y - ,0 rela,ed P^P«- f^S^ZS^St 

actMty. wherein one or more, especially one, two. three or four, single amino acids in the eomiSdS «2 
22! !! r?. rep,aCed by other amino acids, and to fragments of the compound of formula I e^SCt ta2 
10 consecutive ammo acids selected from the amino acid chain between the amino acid 29 and amino add 378 
and opt.onally one or more. e.g. one. two or three other amino acids 

r Jnpf G T£ ° f f ?T' a ' T 3y be 9| y cos y ,a,ed or devoid Of carbohydrate residues. Typically, a glycosylated 

It is understood that in the GdNPF of formula I the cystein residues may be in the reduced form as shown or 
n the ox.d.zed. , e . disulfide form giving rise to S-S-bridges. preferably intramolecular Se dges between 
any two Cys residues in the formula I. / o o onoges oeiween 

formyl! preTe'rably Tee? 9f ° UP f ° Und Pr ° t6inS - 3Cy ' Xl iS '° Wer a,kano ^ '* ™^ or 

The peptide residue X, of the formula II is a signal peptide. The GdNPF as formed in the ribosomes contains 
£.« ?T^ Ptlde [ eS ' dU f X1 ° f f ° rmUla "• Post - tra ^'^iona. processing then cuts off X^JpeZTor 
part of .t The .nvent.on relates to the GdNPF of formula I. wherein X, is the peptide residue of the formula II or 

ImTA?/ ?! re f d o 6 c d6fined hereinbefore - P^cutarly wherein x, is the fragmen compSg he 
amino ac.ds -18 to -1. Pro-Ser-lle-Cys- (-4 to -1). Ser-lle-Cys- (-3 to -1). Ile-Cys-. or Cys- only TheTept de 
residue of formula II or rts fragments comprising between 1 and 18 amino acids from the carLxyl end may be 
acylated. e.g. acetylated or formylated. at the N-terminal carooxyi ena may be 

R.W. Scott et al [J. Biol. Chem. 260. 7029-7034 (1985)] describe a polypeptide called protease nexin This 
senna protease inhibitor is released from cultured human fibroblasts Protease nexin h ripoSS lo have an 
apparent molecular we.ght of 43 000 and a N-terminal amino acid sequence of 28 amino aciSs iden °cal to the 

fh a Mh':° o ^ S K 0 H the T^™* 01 ,he GdNPF °' ,0rmula However - ,here * *•« evidence oSStStS 
S?ta 1 iS H pro,e,n " amed Dro,ease ne * in a " d the GdNPF of the invention are different compounds 
InS !hl T° aC ' d com P° sition of this k "own protein as estimated from a total amino acid analysis' 

and h e am.no acid composition of GdNPF of formula I wherein X, is hydrogen. Most remarkable differences 

raJSE? 1 ,h 1 amin ° 8CidS ,hre ° nine ,Thr) ' serine ( Sef )' 9 ,utamic acid and glu amine 

(Glu/GIn), proline (Pro), valine (Val) and isoleucine (lie). giuiamine 
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Table 1^ Amno^^d composition of prot ase nexin and GdNPF 
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Ala 


Arg 


Asp/Asn 


Cys 


Glu/Gln 




Gly 


His 


He 


nexin 


29 


16 


44 


8 


34 




25 


8 


24 


GdNPF 


28 


15 or 14 


41 


3 


26 


18 


or 19 


8 


31 




Leu 


Lys Met 


Pne Pro 


Ser 


Thr 




Trp 


Tyr 


Val 


nexin 


32 


28 9 


17 13 


43 


34 




n.d. 


4 


27 


GdNPF 


31 


29 10 


19 21 


33 


21 or 


22 


5 


5 


34 



20 

a) R.W. Scott et al. t J.Biol.Chem. 260, 7029 (1985) 
n.d. « not determined 

25 

The invention comprises also GdNPF-related polypeptides retaining neurite-promoting activity, e.g. a 
compound of the formula I, wherein one or more single amino acids are replaced by other amino acids. Such 
related polypeptides may be formed by spontaneous or chemically-induced mutations at the DNA level or by 
30 replacement of amino acids by chemical synthesis. Such related polypeptides comprise also hybrid 
polypeptides consisting of fused fragments of GdNPF derived from different animal species including human 
GdNPF. 

Fragments of the invention are e.g. large fragments of the compound of formula I, wherein only few amino 
acids at the N-terminal are missing, for example fragments comprising amino acids 2 to 378, 3 to 378, 4 to 

35 378, 5 to 378, 6 to 378, or 7 to 378, or small fragments of 10 to 50 amino acids comprising amino acids 310 Arg 
and 311 Ser and/or amino acids 345 Arg and 346 Ser and optionally other amino acids, combinations known to be 
essential parts of serine protease substrates. Other preferred fragments involve those regions showing 
considerable homology with antithrombin-ll! or a1 -antitrypsin, e.g. fragments comprising amino acids selected 
from the amino acid chain 72 to 96, 134 to 146, 159 to 195, and 314 to 378, and optionally one or more, e.g. one, 

40 two or three other amino acids. Particularly preferred are the fragment consisting of 14 amino acids between 
amino acid 321 and 334, i.e. the fragment of the formula Gln-Lys-Ala-Lys-lle-Glu-Val-Ser-Glu-Asp-Gly-Thr-Lys- 
Ala, the fragment consisting of 13 amino acids between amino acids 322 and 334 and an additional histidine 
residue at the N-terminal, i.e. the fragment of the formula His-Lys-Ala-Lys-Ile-Glu-Val-Ser-Glu-Asp-Gly-Thr- 
Lys-Ala, the fragment consisting of 10 amino acids between amino acid 345 and 354 and an additional -Ser-Phe 

45 residue at the carboxy terminal, i.e. the fragment of the formula Arg-Ser-Ser-Pro-Pro-Trp-Phe-Ne-Val-Asp-Ser- 
Phe, and the fragment consisting of 14 amino acids between amino acid 175 and 188, i.e. the fragment of the 
formula Lys-Ser-Arg-Phe-Gly-Pro-Glu-Asn-Thr-Lys-Lys-Arg-Thr-Phe. 

The human GdNPF, related peptides and fragments thereof can be prepared by isolation from cells 
producing the desired compound or by synthesis by condensation reactions. 

SO For example, human GdNPF may by obtained by culturing glioma cells or other glial cells producing it in 
suitable media, e.g. minimum essential medium, Dulbecco's modified Eagle medium, RPM1 1640 medium and 
the like, optionally supplemented with whole serum, e.g. fetal calf serum and/or growth-stimulating 
compounds, mitogens, antibiotics and other supplements. The desired GdNPF is isolated and purified by 
usual methods such as those discussed hereinbelow. 

55 It is also possible to synthesize human GdNPF, related peptides and particularly fragments thereof by 
chemical methods, e.g. by condensation reactions as described in M. Bodanszky, Principles of Peptide 
Synthesis, Springer-Veriag 1984. Fragments are synthesized e.g. by a solid-phase method, wherein a 
N-protected amino acid is coupled to a suitable resin, the protecting group is removed, a second N-protected 
amino acid is condensed with the amino group of the first amino acid, the cycle of deprotection/condensation 

60 with the next N-protec ted amino acid is repeated until the peptide residue of the desired composition is 
complete, and finally this peptide residue is cleaved from the resin and deprotected. Suitable resins, 
protecting groups, condensation reagents and reaction conditions are well known in the art. 

In particular, human GdNPF, related peptides and fragments thereof can be prepared by recombinant DNA 
technique comprising, for example, culturing a transformed host under conditions which allow expression of 

65 the heterologous polypeptide and isolating the desired compound. More specifically, the desir d compounds 
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' are prepared by 

a) isolating a DNA coding for GdNPF or a fragment thereof from a cDNA library of glial celis or a 
genomic DNA library and optionally mutating it, or chemically synthesizing such a DNA. 

b) incorporating the DNA into an appropriate expression vector, 

c) transferring the obtained hybrid vector into a recipient host. 

d) selecting the transformed host from untransformed hosts." e.g. by culturing under conditions under 
which only the transformed host survives. 

e) culturing the transformed host under conditions which allow expression of the heteroloaous 
polypeptide, and s ' 

f) isolating the human GdNPF, related peptide, or fragment thereof. 

The steps involved in the preparation of these peptides by recombinant DNA technique will be discussed in 
more detail hereinbelow. ,wg 111 

J,??* ti0 K° ° f hU "! an GdNPF> ,he ° DNA library o1 s,ep a) is Preferentially derived from human glioma 

cells, e.g from the human glioma cell line LN-340. which has been deposited at the 'Collection Nationale de 

SK? ^ ^T^T"* ' nStitUt PaS,eUfl Paris ' 0n Febmaf y 5 ' 1986 under th « "^ber 1-518. A genomic 
DNA library of step a) may be prepared from human placenta or human fetal liver cells. For the preparation or 
related peptides, e g rat GdNPF. other glial cells, e.g. rat glioma cells, in particular C6 rat glioma ?ells, a* used 
to prepare a cDNA library. 

The invention relates also to DNAs coding for glia-derived neurite-promoting factor (GdNPF) e a DNAq 
coding for human GdNPF or for rat GdNPF, to mutants thereof, e.g. DNAs wherein one or more especially 
one, two, three or four, nucleotides are mutated, to DNAs coding for related polypeptides retaining 
neurite-promoting activity, and to fragments of such DNA comprising at least 15 nucleotides. It is understood 
that such DNAs are single-stranded or double-stranded. 

In particular, the invention concerns a DNA coding for human GdNPF, of the formula 
*^y^"^y"^v^"v^"^v 1 * v 1 ^"n/ 1 1 6*^20 *Yi 7-Y1 1 - Y1 5*Yi $-Yi 0"Ys* Yi 6*Y9-Yi 4-Y3- Y 1 5- Y1 1 - 

v 16 v 1 5 - Y »-^,o.Y,.Y,.-Y a o.Y, 1 -Y»-Y,3 -Y,,-Ye-Y,,-Ya-Y,-Y 4 -Y..Y2^^^ 
Jii-Ya-Y,^ 

Yio-Yao-Y,7-Yao-Yi-Y3-Yi-Yao-Y,4-Y2o-Yi2-Y3.Y,-Y,6-Y7-Yio-Y7.Y 2 o-Yi5-Yi4-Y2o-Y, 3-Y12-Y4. 

Y2O-Y,4-Ya-Y5.Y7.Y2o-Y2-Y3-Y20-Y,-Yi4-Yy-Y4-Yi5.Y,-Y,a-Y,^ 

Yiz-JaAVY^ 

y 2 9 " Y 1 9 " Y 1 4 " Y 1 % " y 1 1 " v 1 8 " v 1 2 " v 1 6 v^ 2 v v - Yl *- Y «- Y "- Y '- Y 3- Y "- Y "-Yi2-Y2-Yi7-Y,4-^ 

3 i2 ' Yi6 ; Yi9 : Y6 " Y20 *^^ 

Yi9-Y3-Y 14 -Y 10 -Y7^^^ -Y 15 -Y 17 - 
Yi5-Y,,-Y, 6 -Yi- Y,o-Yio-Y,5-Y9-Yio-Yie-Yi7-Yi2-Y,7-Y,o-Y4-Y,e-Y,8-Yi3-Y, 6 -Yio-Y,3-Y2o-Yi 5 .Yi2-Y 2 -Y2o- 

l^'l^^ Yio-Y l 7.Ya2-Y l ..Y7-Y3.Y, 1 .Ya.Yao-Y l6 .Ya-Y l o-Y,i.Ya-Y l a-Y l - 
Yia-Yio-Y7-Y2o-Y, 6 .Y7-Y 4 -Ya-Y 

Yl8 - Yl4 - Yl °- Y2 °- Y4 ^ -Y 8 -Y 6 -Y 10 -Y3- 
Y12-Y15-Y21-Z2 



wherein 

Yi codes for alanine (Ala) and is GCT, GCC, GCA or GCG f 

Y 2 codes for arginine (Arg) and is CGT, CGC, CGA, CGG. AG A or AGG, 

Y 3 codes for asparagine (Asn) and is AAT or AAC, 

Y 4 codes for aspartic acid (Asp) and is GAT or GAC, 

Ys codes for cysteine (Cys) and is TGT or TGC, 

Y 6 codes for glutamine (Gin) and is CAA or CAG, 

Y 7 codes for glutamic acid (Giu) and is GAA or GAG, 

Y B codes for glycine (Gly) and is GGT, GGC, GGA or GGG, 

Y 9 codes for histidine (His) and is CAT or CAC, 

Y10 codes for isoleucine (lie) and is ATT, ATC or ATA, 

Y11 codes for leucine (Leu) and is TTA t TTG, CTT, CTC, CTA or CTG, 

Y12 codes for lysine (Lys) and is AAA or AAG, 

Y13 codes for methionine (Met) and is ATG, 

Y14 codes for phenylalanine (Phe) and is TTT or TTC, 

Y15 codes for proline (Pro) and is CCT, CCC, CCA or CCG, 

Yis codes for serine (Ser) and is TCT, TCC, TCA, TCG. AGT or AGC, 

Y17 codes for threonine (Thr) and is ACT, ACC, ACA or ACG, 

Yie codes for tryptophan (Trp) and is TGG, 

Y19 codes for tyrosine (Tyr) and is TAT or TAC, 

Y 20 codes for valine (Val) and is GTT, GTC. GTA or GTG, 

Y 21 is a stop codon TAA, TAG or TGA, Y22 is Y 2 or Yi7-Ye. 

Z1 is a flanking DNA residue of 12 nucleotides or more containing a promoter sequence and 
Zi is absent or a flanking DNA residue of one or more nucleotides and Z, and Z 2 are optionally linked 
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a double-stranded Dnm consisting of a DNA of formula III and of a complementary DNA thereto, wherein 
adenine (A) combines with thymine (T) and vice versa , and guanine (G) combines with cytosine (C) and vice 
versa , that complementary DNA itself, a mutant thereof, wherein one or more, especially one, two, three or four 
nucleotides are mutated, and fragments of such DNA comprising at least 15 nucleotides. 
5 Especially, the invention concerns the cDNA coding for human GdNPF, of the formula 

MetAsnTrpHisLeuPr LeuPheLeuLeuAlaSer 
10 Za-CGGTCGTCCTTGGTGGAAGTAACCATGAACTGGCATCTCCCCCTCTTCCTCTIGGCCTCT 

-1 1 

ValThrLeuProSerlleCysSerHisPheAsnProLeuSerLeuGluGluLeuGlySerAsn 
15 GTGACGCTGCCTTCCATCTGCTCCCACTTCAATCCTCTGTCTCTCGAGGAACTAGGCTCCAAC 

ThrGlylleGlnValPheAsnGlnlleValLysSerArgProHisAspAsnlleVallleSer 
20 ACGGGGATCCAGGTTTTCAATCAGATTGTGAAGTCGAGGCCTCATGACAACATCGTGATCTCT 

ProHisGlylleAlaSerValLeuGlyMetLeuGlnLeuGlyAlaAspGlyArglhrLysLys 
25 CCCCATGGGATTGCGTCGGTCCTGGGGATGCTTCAGCTGGGGGCGGACGGCAGGACCAAGAAG 

GlnLeuAlaMetValMetArgTyrGlyValAsnGlyValGlyLysIleLeuLysLysIleAsn 
30 CAGCTCGCCAIGGTGATGAGATACGGCGTAAATGGAGTIGGTAAAATATTAAAGAAGATCAAC 

LysAlalleValSerLysLysAsnLysAspIleValThrVaLUaAsnAlaValPheValLys 
35 AAGGCCATCGTCTCCAAGAAGAATAAAGACATTGTGACAGTGGCTAACGCCGTGTTTGTTAAG 
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AsnAlaSerGluIleGluVax. coPheValThrArgAsnLysAspValPheGlnw/sGluVal 119 

MIGCCTCTGAAATTGAAGTGCCTTTTGTTACAACGAACAAAGATGTGTTCGAGTGTGAGGTC 438." 

ArgAsnValAsnPheGluAspProAlaSerAlaCysAspSerHeAsnAlaTrpValLysAsn 140 

CGGAATGTGAACTTTGAGGATCCAGCCTCTGCCTGTGATTCCATCAATGCATGGGTTAAAAAC " 501 

GluThrArgAspMetlleAspAsnLeuLeuSerProAspLeuIleAspGlyValLeuThrArg 161 

GAAACCAGGGATATGATTGACAATCTGCTGTCCCCAGATCTTAIIGATGGTGTGCTCACCAGA 564 

LeuValLeuValAsnAlaValTyrPheLysGlyLeuTrpLysSerArgPheGlnProGluAsn 182 

CTGCTCCTCGTCAACGCAGTGTATTTCAAGGGTCTGTGGAAAICACGGTTCCAACCCGAGAAC 627 

ThrLysLysArgThrPheValAlaAlaAspGlyLysSerTyrGlnValProMetLeuAlaGln 203 

ACAAAGAAACGCACTTTCGTGGCAGCCGACGGGAAATCCTATCAAGTGCCAATGCTGGCCCAG 690 

LeuSerValPheArgCycGlySerThrSerAlaProAsnAspLeuTrpTyrAsnPhelleGlu 224 

CTCTCCGTGTTCCGGTGTGGGTCGACAAGTGCCCCCAATGATTTATGGTACAACTTCAITGAA 753 

LeuProTyrHisGlyGluSerlleSerMetLeuIleAlaLeuProThrGluSerSerlhrPro 245 

CTGCCCTACCACGGGGAAAGCATCAGCATGCTGATTGCACTGCCGACTGAGAGCTCCACTCCG 816 

LeuSerAlallelleProHisIleSerThrLysThrlleAspSerTrpMetSerlleMetVal 266 

CTGTCTGCCAICATCCCACACATCAGCACCAAGACCATAGACAGCTGGATGAGCATCATGGTG 879 

ProLysArgValGlnVallleLeuProLysPheThrAlaValAlaGlnThrAspLeuLysGlu 287 

CCCAAGAGGGTGCAGGIGATCCTGCCCAAGTTCACAGCTGTAGCAC.AAACAGATTTGAAGGAG 942 

ProLeuLysValLeuGlylleThrAspMetPheAspSerSerLysAlaAsnPheAlaLysIle 308 

CCGCTGAMGTTCTTGGCATTACTGACATGTTTGATTCATCAAAGGCAAATTTTGCAAAAATA 1005 

ThrX 2 -SerGluAsnLeuHisValSerHisIleLeuGlnLysAlaLysIleGluValSerGlu 329 

ACAVGGTCAGAAMCCTCCATGTTTCTCATATCTTGCAAAAAGCAAAAATTGAAGTCAGTGAA 1068 



AspGlyThrLysAlaSerAlaAlaThrThrAlalleLeuIleAlaArgSerSerProProTrp 350 
GATGGAACCAAAGCTTCAGCAGCAACAACTGCAATTCTCATTGCAAGATCATCGCCTCCCTGG 1 1 31 
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PheIleValAspAi b ^roPheLeuPhePheIleArgHisAsnProTii*ilyAlaValLeuPhe 371 

TTTATAGTAGACAGACCTTTTCTGTTTTTCATCCGACATAATCCTACAGGTGCTGTGTTATTC 11.94 

MetGlyGlnlleAsnLysPro 

ATGGGCCAGATAAACAAACCCTGAAGAGTATACAAAAGAAACCATGCAAAGCAACGACTACTT 1257 



wherein W is A or ACAG, Xz is Arg or Thr-Gly and Z3 and Z4, independently, are absent or a flanking DNA 
residue of one or more nucleotides optionally linked, a double-stranded DNA consisting of a DNA of formula IV 
and of a complementary DNA thereto, that complementary DNA itself, a mutant thereof, wherein one or more, 
especially one, two, three or four nucleotides are mutated, and fragments of such DNA comprising at least 15 
nucleotides. 

The invention relates also to a DNA which hybridizes with a DNA of formula IV or with a DNA complementary 
to the DNA of formula IV. 
The invention further concerns the cDNA coding for rat GdNPF, of ihe formula 



MetAsnTrpHisPheProPhePhelleLeuThrThrValThrLeuSerSerValTyrSer 1 
2 5 -ATGAATTGGCATTTTCCCTTCTTCATCTTGACCACAGTGACTTTATCCTCTGTGTACTCC 60 

GlnLeu-^snSerLeuSerLeuGluGluLeuGlySerAspThrGlylleGlnValPheAsn 21 
CAGCTCAACTCTCTGTCACTCGAGGAACTAGGCTCTGACACAGGGATCCAGGTTITCAAT 120 

GlnllelleLysSerGlnProHisGluAsnValVallleSerProHisGlylleAlaSer 41 
CAGATCATCAAATCACAGCCTCATGAGAACGTTGTCATTTCTCCGCACGGGATTGCGTCC 180 



TGC-Z<, 



(IV), 
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^AlaAspGlyArgThrLysLysGlnLeuSerT^^al 61 

ATCTTGGGCATGCTGCAGCIGGGGGCTGACGGCAGGACGAAGAAGCAGCTCTCAACGGTG 240 

MetArgTyrAsnValAsnGlyValGlyLysValLeuLysLysIleAsnLysAlalleVal 81 

ATGCGATACAATGTGAACGGAGTCGGAAAAGTGCTGAAGAAGATCAACAAGGCTATAGTC 300 

SerLysLysAsnLysAspIleValThrValAlaAsnAlaValPheValArgAsnGlyPhe 101 

ICCAAAAAGAATAAAGACATAGTGACCGTGGCCAATGCTGTGTTTGTCAGGAATGGCTTT 360 

LysValGluValProPheAlaAlaArgAsnLysGluValPheGlnCysGluValGlnSer 121 

AAAGTGGAAGTGCCTTTTGCAGCAAGGAACAAAGAGGTGTTTCAGTGTGAAGTACAGAGT 420 

i 

ValAsnPheGlnAspProAlaSerAlaCysAspAlalleAsnPhelrpValLysAsnGlu 141 

GTGAACTTCCAGGACCCGGCCTCTGCTTGTGATGCCATCAATTTTIGGGTCAAAAATGAG 430 

ThrArgGlyMetlleAspAsnLeuLeuSerProAsnLeuIleAspSerAlaLeuThrLys 161 

ACGAGGGGCATGATTGACAACCTACTTTCCCCAAATCTGATCGATAGTGTCCTTACCAAA 540 

LeuValLeuValAsnAlaValTyrPheLysGlyLeuTrpLysSerArgPheGlnProGlu 181 

CTGGTCCTCGTTAACGCAGTGTATTTCAAGGGTTTGTGGAAATCCCGGTTICAACCTGAG 600 

AsnThrLysLysArgThrPheVaLUaGlyAspGlyLysSerTyrGlnValProMetLeu 201 

AACACGAAGAAACGGACCTTCGTGGCAGGTGATGGAAAAICCTACCAAGTACCCATGCTA 660 

AlaGlnLeuSerValPheArgSerGlySerThrLysThrProAsnGlyLeuTrpTyrAsn 221 

GCCCAGCTCTCCGTGTTCCGCTCTGGGTCTACCAAAACCCCAAATGGCTTATGGTACAAC 720 

PhelleGluLeuProTyrHisGlyGluSerlleSerMetLeuIleAlaLeuProThrGlu 241 

TTCAITGAGCrACCCTACCATGGTGAGAGCATCAGCATGTTGATCGCCCTGCCAACAGAG 780 

SerSerThrProLeuSerAlallelleProHisIleSerThrLysThrlleAsnSerIrp 261 

AGCTCCACCCCACTGTCCGCCATCATCCCTCACATCAGTACCAAGACCATCAATAGCTGG 840 



MetAsnThrMetValProLysArgMetGlnLeuValLeuProLysPheThrAlaLeuAla 281 
ATGAACACCATGGTACCCAAGAGGATGCAGCTGGTCCTGCCCAAGTTCACAGCTCTGGCA 900 
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GlnJhrAspLeuLysGluProLeuLysAlaLeuGlylleThrGluMetPheGluProSer 301 
CAMCAGATCTGAAGGAGCCACTGAAAGCCCTTGGCATTACTGAGATCTTTGAACCCTCA 960 

I-ysAlaAsnPheAlaLysIle'ThrArgSerGluSerLeuHisValSerHisIleLeuGln 321 
AAGGCAAATTTTCCAAAAATAACAAGGTCAGAGAGCCTTCACGTCTCTCACATCTTGCAG 1020 

LysAlaLysIleGluValSerGluAspGlyThrLysAlaAlaValValThrlhrAlalle 341 
AAAGCAA.\AATTGAAGTCAGCGAAGATGGGACCAAAGCCGCAGTAGTGACAACTGCAATC 10S0 

LeuIleAlaArgSerSerProProTrpPhelleVaUspArgProPheLeuPheCysIle 361 
CTAATTGCAAGGTCATCGCCTCCCTGGTTTATAGTAGACAGGCCTTTCCTGTTCTGCAIC 1140 

ArgHisAsnProThrGlyAlalleLeuPheLeuGlyGlnValAsnLysPro 
CGACACAATCCCACAGGTGCCATC7TGITCCTGGGGCAGGTGAACAAGCCCTGA-Zfi 

(V), 

wherein Z 5 and Z 6 , independently, are absent or a flanking DNA residue of one or more nucleotides optionally 
linked a double-stranded DNA consisting of a DNA of formula V and of a complementary DNA thereto that 
complementary DNA itself, a mutant thereof, wherein one or more, especially one, two, three or' four 
nucleotides are mutated, and fragments of such DNA comprising at least 15 nucleotides 
Furthermore, the invention concerns RNAs coding for human GdNPF of formula I or for rat GdNPF mutants 
?oK^ here,n ° ne ° r m ° re ' es P ecialI y one - two * three or four nucleotides are mutated, and fragments of 
such RNAs comprising at least 1 5 nucleotides, in particular a RNA of formula III. wherein the various Y have the 
meaning given hereinbefore except that RNA residues replace DNA residues and hence uridine (U) replaces 
deoxy-thymidine (T), especially a RNA of formula IV and a RNA of formula V, wherein U replaces T 

The DNAs coding for GdNPF, mutants thereof, DNAs coding for related polypeptides retaining 
neunte-promoting activity and fragments of such DNA can be prepared, for example, by culturing a 
transformed host and isolating the desired DNA therefrom, or by chemical synthesis through nucleotide 
condensation. 

In particular, such DNAs can be prepared, for example, by 

a) isolating poly(A) messenger RNA (mRNA) from glial cells, optionally enriching mRNA coding for 
GdNPF or fragments thereof and preparing single-stranded DNA complementary to that mRNA and 

45 therefrom double-stranded complementary DNA (ds cDNA), or 

b) isolating genomic DNA from suitable,ceils, e.g. placental or fetal liver cells, and selecting the desired 
DNA using a DNA probe, and 

c) incorporating ds cDNA of step a) or dsDNA of step b) into an appropriate expression vector, 

d) transforming an appropriate host with the obtained hybrid vector, 

e) selecting the transformed host which contains GdNPF DNA or fragments thereof from hosts 
containing no GDNPF DNA or fragments thereof, and 

f) isolating the desired DNA. 
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Polyadenylated messenger RNA is isolated from glial cells by known methods. Such methods involve for 
example, homogenizing tissue in the presence of a detergent and a ribonuclease inhibitor, e.g. heparin 
guanidimum isothiocyanate and mercaptoethanoi. centrifuging the homogenate. precipitating mRNA from the 
supernatant by salt mixtures containing a magnesium salt, e.g. magnesium chloride, extracting the 
resuspended precipitate with suitable chloroform-phenol mixtures, optionally in the presence of detergents 
and/or cation chelating agents, and precipitating mRNA from the remaining aqueous, salt-containing phase 
with ethanol, isopropanol or the like. Otherwise, mRNA may be directly isolated by centrifuging in a cesium 
chloride gradient followed by ethanol precipitation. Preferentially, such precipitated poly(A) mRNA is further 
punned by chromatographic methods, e.g. affinity chromatography, for example chromatography on oliao(dT) 
cellulos or on oligo(dU) sepharose. 

Glial cells used for the isolation of mRNA may be different origin. Preferred are glioma ceils which can be 
expanded in culture, e.g. human glioma cells or rat glioma cells from established cell lines Particularly 
preferred are cells from the human glioma cell line.,LN-340, which has been, deposited at the "Collection- 
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Nationale de Cultures de Microorganismes". Institut Pasteur, Paris, on February 5, 1986 under the rmber 
1-518. 

Optionally, the .mRNA isolated from glial cell* is enriched in mRNA coding for neurite-promoting factor. This 
can be done, for example, by velocity fractionation or chromatographic fractionation of mRNA, translation of 
the fractions in suitable cells, e.g. in frog oocytes, or cell-free systems, e.g. reticulocyte extracts or wheat 5 
germ extracts, and screening of the obtained polypeptides for neurite-promoting activity or any other property 
which parallels neurite-promoting activity, e.g. protease inhibitory activity. 

The screening of the obtained polypeptides is particularly effective using antibodies, e.g. polyclonal or 
monoclonal antibodies, in an immunoassay, for example radioimmunoassay, enzyme immunoassay or 
immunoassay with fluorescent markers. Such immunoassays and the preparation of polyclonal and 10 
monoclonal antibodies are well known in the art and are applied accordingly. 

The screening can be done also on the stage of the messenger RNA. avoiding the additional step of 
translation, using a hybridization probe. Such hybridization probe may be a fully synthetic DNA consisting of at 
least 17 nucleotides or a DNA or DNA fragment isolated from a natural source or from a genetically engineered 
microorganism. For example, a plasmid containing a DNA coding for a GdNPF is multiplied in a suitable host, 75 
then linearized and the DNA isolated therefrom. After adding a suitable label to such DNA, e.g. a radioactive 
label, this DNA is used to screen for messenger RNA coding for a related GdNPF. Preferentially, a 
hybridization probe consisting of radioactively labelled DNA coding for rat GdNPF is used to screen a mRNA 
library for the presence of mRNA coding for human GdNPF. 

The preparation of a single-stranded DNA from a mRNA template is well known in the art, as is the 20 
preparation of a double-stranded DNA from a single-stranded DNA. The mRNA template is incubated with a 
mix of deoxynucleoside triphosphates, optionally a radioactively labelled deoxynucleoside triphosphate (in 
order to be able to screen the result of the reaction), a primer sequence such as an oligo-dT residue 
hybridizing with the poly(A) tail of the messenger RNA and a suitable enzyme, e.g. a reverse transcriptase. 
After degradation of the template mRNA, the complementary DNA (cDNA) is incubated with a mix of 25 
deoxynucleoside triphosphates and a suitable enzyme as above to give a double-stranded DNA. Suitable 
enzymes are a reverse transcriptase, the Klenow fragment of E. colt DNA polymerase I or T 4 DNA polymerase. 
Optionally, the single-stranded DNA is first extended with a tail of like deoxynucleotides to allow the use of a 
primer sequence of complementary like deoxynucleotides, but the formation of dsDNA usually starts on 
spontaneous hairpin formation. Such dsDNA obtained as a result of hairpin formation is further processed with 30 
S1 nuclease which cuts the hairpin. 

As an alternative to the preparation of cDNA from mRNA, genomic DNA may be isolated and screened for 
DNA coding for the desired poly-peptide. 

Genomic DNA is isolated from suitable tissue, preferably from human placenta or human fetal liver cells, 
according to methods known in the art. A genomic DNA library is prepared therefrom by digestion with 35 
suitable restriction endonucleases. e.g. AM and Haelll, and incorporation into /. charon phage, e.g. k charon 
4A, following established procedures. The genomic DNA library replicated on nitrocellulose membranes is 
screened with a DNA probe, e.g. a synthetic DNA probe of at least 17 nucleotides or a cDNA derived from 
mRNA coding for the desired polypeptide. 

The incorporation of dsDNA prepared from mRNA or of genomic origin into an appropriate vector is well 40 
known in the art. Preferentially a suitable vector is cut and provided with tails of like deoxynucleosides. The 
dsDNA to be annealed then has to bear tails of complementary like deoxynucleotides, which is accomplished 
by incubation in the presence of the corresponding deoxynucleoside triphosphate and an enzyme such as 
terminal deoxynucleotidyl transferase. Otherwise, the dsDNA may be incorporated into the vector with the aid 
of linker oligonucleotides or else by blunt end ligation. 45 

The transformation of an appropriate host with the obtained hybrid vector is well known in the art. For 
example, E. coli are conditioned for transformation by incubation in media containing calcium chl j*ide, then 
treated with the hybrid vector. Transformed hosts are selected by a suitable marker, for example antibiotics 
resistance marker, e.g. tetracycline or ampicillin resistance. 

The selection of the transformed hosts which contain GdNPF DNA or fragments thereof can be done by 50 
several methods. For example, plasmid DNA of transformed hosts is isolated and immobilized by usual 
methods, then hybridized with total mRNA from the glial cells initially used as a template for cDNA. Hybridizing 
RNA is eluted and translated in vitro as described hereinbefore. The polypeptides obtained on translation are 
screened for neurite-promoting activity, for protease inhibitory activity, or for immunoreaction with anti-GdNPF 
antibodies, and the transformed host containing the corresponding DNA selected. Otherwise, total DNA of 55 
transformed hosts is hybridized with DNA coding for GdNPF. For example, DNA of transformed hosts 
expected to code for human GdNPF is hybridized with DNA probes known to code for rat GdNPF. 

The preparation of a DNA of the invention may also be performed by means of chemical synthesis. Suitable 
methods for the synthesis of DNA have been presented in summary form by S.A. Narang [Tetrahedron 39, 3 
(1983)]. The known synthesis techniques allow the preparation of polynucleotides towards 40 nucleotides in 60 
length, in good yield, high purity and in a r latively short time. Suitably protected nucleotides are linked with 
one another by the phosphodiester method [K.L. Agarwal et al.. Angew. Chem. 84, 489 (1972)) or the even 
more efficient phosphotriester method [C.B. Reese, Tetrahedron 34, 3143 (1972)), phosphite triester method 
[R.L. Letsinger et al.. J. Am. Chem. Soc. 98. 3655 (1976)) or phosphoramidite method (S.L. Beaucag and M.H. 
Caruthers, Tetrahedron Letters 22. 1859 (1981)). Simplification of the synthesis of the oligonucleotides and 65 
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polynucleotides is made possible by the solid phase method, in which the nucleotide chains are bound to a 
suitable polymer. Itakura et al. (J. Am. Chern. Soc. 103, 706 (1981)1 use trinucleotides instead of individual 
nucleotides and link them by the phosphotriester method in the solid phase synthesis. A polynucleotide with 
up to 67 nucleotides can thus be prepared in a short time and with good yields. The actual double-stranded 

5 DNA can be built up enzymatioally from chemically prepared overlapping oligonucleotides from both DNA 
strands, which are held together in the correct arrangement by base-pairing and are than chemically linked by 
the enzyme DNA ligase. Another possibility comprises incubating overlapping single polynucleotide 
sequences from the two DNA strands in the presence of the four required deoxynucleoside triphosphates with 
a DNA polymerase, for example DNA polymerase I, the Klenow fragment of polymerase I or T 4 DNA 

W polymerase, or with AMV (avian myeloblastosis virus) reverse transcriptase. The two polynucleotide- 
sequences are thereby held together in the correct arrangement by base-pairing and are supplemented with 
the required nucleotides by the enzyme to give a complete double-stranded DNA [S.A. Narang et al Anal 
Biochem. 121, 356 (1982)]. 
The invention further relates to hybrid vectors comprising a DNA coding for GdNPF, related peptides or 

75 fragments thereof operatively linked to an expression control sequence, and to processes for the preparation 
thereof. 

The vector is selected depending on the host cells envisaged for transformation. Examples of suitable hosts 
are microorganisms, which are devoid of or poor in restriction enzymes or modification enzymes, such as 
yeasts, for example Saccharomyces cerevisiae , and strains of bacteria, in particular strains of Escherichia coii, 

20 for example E. coli X1776. E. coli HB 101, E. coli W3110, E. coli HB101/LM1035, E. coli JA221 or E. coli K12 
strain 294, Bacillus subtilis , Bacillus stearothermophilus , Pseudomonas , Haemophilus , Streptococcus and 
others, and furthermore cells of higher organisms, in particular established human or animal cell lines. The 
above strains of E. coli , for example E. coli HB101 and E. coli JA221, and furthermore Saccharomyces 
cerevisiae are preferred as the host microorganism. 

25 In principle, all vectors which replicate and express the GdNPF gene according to the nvention in the 
chosen host are suitable. Examples of vectors which are suitable for the expression of the GdNPF in an E. coli 
strain are bacteriophages, for example derivatives of \ bacteriophages, or plasmids, such as, in particular, the 
plasmid ColE1 and its derivatives, for example pMB9, pSF2124. pBR317 or pBR322. The preferred vectors of 
the present invention are derived from plasmid pBR322. Suitable vectors contain a complete replicon and a 

30 marker gene, which allows to select and identify the hosts transformed with the expression plasmids on the 
basis of a phenotypical trait. Suitable marker genes impart to the host, for example, resistance towards heavy 
metals, antibiotics and the like. Furthermore, preferred vectors of the present invention contain, outside the 
replicon and marker gene regions, recognition sequences for restriction endonucleases. so that the GdNPF 
gene and, if appropriate, the expression control sequence can be inserted at these sites. The preferred 

35 vectors, the plasmid pBR322 and derived plasmids, e.g. pUC9. contain an intact replicon. marker genes which 
confer resistance towards tetracycline and ampicillin (let* and ampR) and a number of unique recognition sites 
for restriction endonucleases, for example Pstl (cleaves in the ampR gene, the tet*gene remains intact). 
BamHI, Hindlll and Sail (all cleave in the tet* gene, the amp* gene remains intact), Nrul and EcoRI. 
Several expression control sequences can be used for regulation of the gene expression. In particular. 

40 expression control sequences of highly expressed genes of the host to be transformed are used, in the case 
of pBR322 as the hybrid vector and E. coli as the host microorganism, for example, the expression control 
sequences (which contain, inter alia , the promoter and the ribosomal binding site) of the lactose operon. 
tryptophan operon, arabinose operon and the like, the (J-lactamase gene, the corresponding sequences of the 
phage k N gene or the phage fd-coat protein gene and others, are suitable. Whilst the plasmid pBR322 already 

45 contains the promoter of the P-lactamase gene (j3-lac gene), the other expression control sequences must be 
introduced into the plasmid. 

Vectors which are suitable for replication and expression in yeast contain a yeast replication start and a 
selective genetic marker for yeast. Hybrid vectors which contain a yeast replication start, for example 
chromosomal autonomously replicating segment (ars), are retained extrachromosomally within the yeast cell 

50 after the transformation and are replicated autonomously. Furthermore, hybrid vectors which contain 
sequences homologous to the yeast 2u> plasmid DNA can be used. Such hybrid vectors will get integrated by 
recombination into 2 t u plasmids already existing within the cell, or replicate autonomously. 2u> sequences are 
particularly suitable for plasmids with a high transformation frequency and permit high copy numbers. The 
preferred yeast vector of the present invention is the plasmid pJDB207. 

55 Suitable marker genes for yeasts are, in particular, those which impart antibiotic resistance to the host or. in 
the case of auxotrophic yeast mutants, genes which complement host lesions. Corresponding genes impart, 
for example, resistance towards the antibiotic cycloheximide or provide for protrophy in an auxotrophic yeast 
mutant, for example the URA3 , LEU2 . H1S3 or. in particular, TRP1 gene. Yeast hybrid vectors furthermore 
preferably contain a replication start and a marker gene for a bacterial host, in particular E. coli . so that the 

60 construction and cloning of the hybrid vect rs and their intermediates can take place in a bacterial host. 
Expression control sequences which are suitable for expression in yeast are, for example, those of highly 
expressed yeast genes. Thus, the promoters of the TRP1 gene, the ADHI or ADHII gene, acid phosphatase 
(PH03 or PH05) gene, isocytochrome gen or a promoter involv d with the glycolytic pathway, such as the 
promoter of the enolase, glyceraldehyde-3-phosphate dehydrogenase ( GAPDH ), 3-phosphoglycerate kinase 

55 ( PGK ), hexokinase, pyruvat decarboxylas , phosphofructokinas . glucose-6-phosphate isomerase, 3-phos- 
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phoglycerate mutase, pyruvate kinase trir^nnh^u ♦ . 

Qlucokinase genes, can'be uid^J^^^^' ,0, ^^P ho «P^o.. -Iwmw,. and 

transcrip,ion a .contro..e.g.thepromo,^ contain promoter! j£ 

off by variation of the growth conditions. For exaf^i^o S ? a „ Can be ,urned on °r 

so ly by increasing or decreasing the concentration of iSS!„> k „ " te re P re «ed or derepressed 

Vectors suitable for replication and exoressZTLl™, ? phospha,e in th. medium-, 
wa. origin, e.g. from simian virus 40 (SV^O ' Rous ^S^^^^ provided ONA from 
(BPV). papovavirus BK mutant (BVK) or mouse or h J T ( SV) * adenov,r us 2. bovine papilloma virus 
1 contain an origin of replication and an (CMV >- P '*erably P sucS vec^s 

4 eukaryotic transcription regulatory sequence n > oartcu \l, 1% ° Propagation in E. coli together with an 
* • from a P BR322 E^pli plasmid and ^w^MV^nh^ S °"" 6<J ShU " le vect ^"ay be conatwctld 
P asmid may containlhe enhancer unfof the mouse o r69ions - Por example he 
the SV40 enhancer combined with the human «oi«w„ L " . cytomegalovirus major immediate-earlv oene 
as the ones derived from the hJ^SSa^iSSSSST*'' T'™ * 3ddi,ion inducib, e P^ote rs S 
or centre, sequences which are normal ^£325 ZZ^LrT" * * 3 ' S ° P ° SSib,e 'Utilize promo^ 

a e 0 r vided i either by c °" s ^tion of thrstT^^ J ss , n 2 quw ^- An ori9in <* 

SV40. other viral source or provided by the host cell c l " exogeneous origin, such as derived from 
integrated into the host cell chromosome the lat" 2 T «' reP " Ca,,0n mec "anism. If , he vector S 
In a preferred embodiment the oresen in^S™ ? ? S 0ften more erfici 'ent. S 
phenotypica. selection in a host S^^I^^.'g? "T 8 C3p3b,e 0f fatten and 
or fragment thereof, said DMA being positioned toaeZr ^tt f ° NA e . nC0d,ng ,he GdNPF - stated peptide 20 
well as translation start and stop signals in said hv br ^ '""""P*™ start and termination signals as 

transformed^host it is expressed ? 0 produce ^TZt^e" ^ ^ * Mid Pr °™ ter ^chthatinj 

: Srof* K I"" 6 ' h ° St - WhiCh C ° mpris « 

.... control sequence, and to the transformed hosts tnemsetes r69Ulated by an expression 25 

■ i ~ e |a^S^E^^^ as strains of Sa.c^s 

- JLcoJj [M. Mande. et al.. X Mo^ 30 

,; ^^^^ e^r T e r- of - - » » - 

, ~wrnrre 

enzymatic removal of the yeast cell wall bv J? , ye3St comprises, for example, the steps of f 1 » 

' - with the vector in the ^n^S^^^ZS^SS''' ^ °' ,hS ° b,ained ^P^opl 

3 embe °-ding the spheroplasts Mo ^l^ r ^^ d ^^ and (3 > ^generation of the cel. wall by 

4 re fuZT n 3nd , Se ' eC,i0n ° f the t-nsformed Ce s l^sZTlZ^ " ^^^^ " 3 ^ to a "° w 
i ~^H^^ Bowes me ,anoma cel, Chinese 

" ^° d t inC ' Udedirectmi c^injectionof l^Oul^xo TcTntT Ph ° Sph3te - ^r suitable 

trl^ by . 3 Sh ° rt e ' eC,ric pulse basing the permeab Sv o Ten '! "V* eiec «°f>™™. introduction 
transacted cells can be done using a select mar £ wh^h T^"' The subsequent selection of 
. expression vector or added as a separate entitv Si-TS. J e ' ther covalen t'y integrated into th» 
, .. antibiotics. e.g. G -4 18 (neomycin) JSiSS or 52 SST 'l^ 6 96068 WhiCh Con,er resistance to 

- such as the absence of thymidine Jase Tn^^rS^^ 1 ; 96 ? 6tiC ' 6Sion of ,he no « ceS 
, : The transformed host cells are cultured bv ™tSE ! P hos P n or.bosyl transferase. 

,-• assimilable sources of carbon. M^^IS^JS?™ ^ M h 3 " qUid medi ™ ""fining « 

or lactose or an acetate, which can be used TeSTe r S ifseS oMn i, 8< !^ 38 9 ' UC0Se ' ma,,ose - ^annitol 
sourc s of nitrogen are amino acids, such as MsaminoSI « ,n «"'«able mixtures. Examples of suitable 
products, such as tryptone. peptone or Saf iSS! 2! u, P " 3 " d pr0,eins and ,neir degradation 55 
ammonium salts, for example ammoniun^ ^SS^^J^T^- 6Xtr3CtS ' ma,t ex,ract and *'so 
or ,n su,table mixtures. Inorganic salts wWch can^^ 

Phosphates and carbonates of sodium , pSSuS eX3mpl ■ sulfa,es - chlorides. 

The medium furthermore contains for examn7o T,' ma ? nes,um a "d calcium, 
exampl iron. 2 inc. manoanese and itZ Zl ^1 L?L Mr, ;P r omoting substances, such as trace elements for m 

STT^ 9 / 0W,h ° f Ce " 8 which have 'osTtne eSsion SSSTS? Wh ! Ch 3 S6lec,ion pressure and 
the m d.um if th expression plasmid contain 1 ar SIS 2ni «s k' ° 8, '° r 6X3mpl • ampicil,in is add e d «o 
has th effect that contaminating antibiotte'ianlL 3 " 3ddi,ion °' an,ibio,ic substances also 

auxotrophic in. for examp,e. an essentia, ^ JSF?^ " Wt * 

a. is used as the host microorganism, the plasmid 
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preferably contains a gene coding for an enzyme which complements the host defect. Cultivation of the yeast 
strain is performed in a minimal medium deficient in said amino acid. 

Vertebrate cells are grown under tissue culture conditions using commercially available media optionally 
supplemented with growth-promoting substances and/or mammal sera. The cells are grown either attached to 

5 a solid support, e.g. a microcarrier or porous glass fibres, or free-floating in appropriate culture vessels. 

Culturing is effected by processes which are known in the art. The culture conditions, such as temperature, 
pH value of the medium and fermentation time, are chosen so that a maximum titre of the polypeptide of the 
invention is obtained. Thus, an E. coli or yeast strain is preferably cultured under aerobic conditions by 
submerged culture with shaking or stirring at a temperature of about 20 to 40 c C, preferably about 30 r C. and a 

W pH value of 4 to 8. preferably at about pH 7. for about 4 to 30 hours, preferably until maximum yields of the 
polypeptide of the invention are reached. 

When the cell density has reached a sufficient value, the culture is interrupted and the polypeptide is 
isolated. If the polypeptide is fused with a suitable signal peptide sequence, it is excreted by the cell directly 
into the supernatant. Otherwise, the cells have to be destroyed, for example by treatment with a detergent. 

15 such as SDS, NP-40, Triton © or deoxycholic acid, or iysed with lysozyme, a similarly acting enzyme or with 
ultra-sound. If yeast is used as host microorganism the cell wall may be removed by enzymatic digestion with a 
glucosidase. Alternatively or additionally, mechanical forces, such as shearing forces (for example X-press. 
French press, Oyno mill) or shaking with glass beads or aluminium oxide, or alternating freezing, for example in 
liquid nitrogen, and thawing, for example to 30° to 40 C C. can be used to break the cells. 

20 The cell supernatant or the solution obtained after centrifugation of the mixture obtained on breaking the 
cells, which contains proteins, nucleic acids and other cell constituents,' is enriched in proteins, including the 
polypeptides of the invention, in a manner which is known per se. Thus, for example, most of the non-protein 
constituents are removed by polyethyleneimine treatment and the proteins, including the polypeptides of the 
invention, are precipitated, for example, by saturation of the solution with ammonium sulfate or with other 

25 salts. Otherwise, the cell supernatant or lysate may be directly pre-purified using chromatographic methods. 
Further purification steps include, for example, ultrafiltration, diafiltration, gel electrophoresis, chromato- 
graphic processes, such as ion exchange chromatography, size exclusion chromatography, high pressure 
liquid chromatography (HPLC), reversed phase HPLC. fast polypeptide liquid chromatography (FPLC) and the 
like separation of the constituents of the mixture according to molecular size by means of a suitable get 

30 filtration column, dialysis, affinity chromatography, for example affinity chromatography using antibodies, 
especially monoclonal antibodies, and other processes known in the art. 

The invention concerns furthermore GdNPF. related peptides and fragments thereof, whenever prepared 
according to the methods of the present invention. 

The invention concerns especially the hybrid vectors, the transformed host cells, human GdNPF and the 

35 process for the preparation thereof as described in the Examples. 

The neurite-promottng and serine protease-inhibiting properties of GdNPF, related peptides and fragments 
thereof according to the invention make these polypeptides useful for promoting nerve fiber regeneration 
following lesions in the nervous system, preferably in the form of pharmaceutical preparations that contain a 
therapeutically effective amount of the active ingredient optionally together or in admixture with inorganic or 

40 organic, solid or liquid, pharmaceutical^ acceptable carriers which are suitable preferably for parenteral 
administration. 

Parenteral formulations are especially injectable fluids that are effective in various manners, such as 
intravenously, intramuscularly, intraperitoneal^, intranasally, intradermal^ or subcutaneously. Such fluids are 
preferably isotonic aqueous solutions or suspensions which can be prepared before use, for example from 

45 lyophilized preparations which contain the active ingredient alone or together with a pharmaceutical^ 
acceptable carrier. The pharmaceutical preparations may be sterilized and/or contain adjuncts, for example 
preservatives, stabilizers, wetting agents and/or emulsifiers, solubilizers. salts for regulating the osmot.c 
pressure and/or buffers. The present pharmaceutical preparations, which may. if desired, contain further 
pharmacologically valuable substances, are produced in a manner known per se. for example by means ot 

SO conventional dissolving or lyophilizing processes, and contain from approximately 0.1 °/o to 100 °.o. especially 
from approximately 1 °/o to approximately 50 o/o, and in the case of lyophilisates up to 100 °/o. of the active 

The invention also concerns a method for producing a pharmaceutical preparation, cnara 4 cte | r 1 ize ^"^ a a ^ 
pharmacologically active compound of the present invention is admixed with a pharmaceutical^ accepiaoie 

Ca The r particular mode of administration and the dosage will be selected by the attending physician taking into 
account the parti culars of the patient, the disease and the disease state involved. For ,nstance ; , "'° n ; rt V* 
nervous system are usually treated by daily or twice daily doses over a few days to a few weeks of O.ooi to mg 

60 P6 The^S serve to illustrate the present invention but should not be construed as a limitation 

^ Figure 1 is a summary of the restriction and sequence analysis of a double-stranded complementary DNA 
coding from human GdNPF. 
The abbreviations used in the Examples have the following meanings: 
55 bp base pairs 
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BSA bovine serum albumin 

cDNA complementary DNA 

cpm counts per min (radioactive decay) 

dA 2'-deoxyadenosine 

dATP 2'-deoxyadenosin triphosphate 
: dC 2'-deoxycytidine 

dCTP 2'-deoxycytidine triphosphate 
ij dG 2'-deoxyguanosine 

; dGTP 2'-deoxyguanosine triphosphate 

3 . DMem Dulbecco's modified Eaglet medium 

DNA deoxyribonucleic acid 

dNTP mixture of dATP, dCTP, dGTP and dTTP 

*f s,nte 9 ration $ per min (radioactive decay) 
os DNA double-stranded DNA 
dT 2 / -deoxythymidine 
DTT 1,4-dithiothreitol 
dTTP 2'-deoxythymidine triphosphate 
EDTA ethylenediamine-tetraacetic acid 
FCS fetal calf serum 

GdNPF glia-derived neurite promoting factor 

Hepes N-2-hydrox y eth y i P ipera2ine.N'.2-ethanesulfonic acid 
mRNA messenger RNA 

PBS phosphate buffered physiological saline 
: Pipes pipera2ine-N.N'.bis(2.ethanesulfonic acid) 
PMSF phenylmethylsulfonyl fluoride 
RNA ribonucleic acid 

• ^ rpm revolutions per min 

SDS sodium dodecyl sulfate 
TFA trifluoroacetic acid 

.i Tris tris(hydroxymethyl)aminomethane 
tRNA transfer RNA 

The following buffer solutions and media are used- 

- t 10 mM triS - HC1 * P H 7 ' 5 ' 1 ™M EDTA 0 2 0/o SDS 
immunobuffer 50 mM Tris-HPi nw 7 c <. u Vrs-T* b 

- Laemm.i sample bufft 62 5 mM T^HC. D H 6 8 2 £ Jn< ai ° /0 Tween - 20 ®- 
:i bromophenol blue. C1, PH 6 8> 2 ° /0 SDS - 10 0/0 glycerol. 5 o/ 0 2-mercaptoethanol 0 001 o> 0 

i SSi * BaC '° @ ^- («fcO. 0-5 ,0 Bacto© yeas, extract (Difco), 170 mM Na O, a dj usted to pH 7 5 

3 ££ KE ST sootm^lso 1 TSr M , 9 ? 2 - 280 mM KCI - 20 mM 

f TBE buffer 89 mM Tris (TR IZM A* 'base ) 89 Sk?^ 6 t0 pH 7 0 Wi,h Na0H - 
, TNE buffer 10 mM Tris-HC! P H 8 0 1 mM eSta 0 1^ NaC ^ EDTA ' 
£ W3Sh bUffer 10 mM ™*«* PH 7-5. 1 mM MTA, 0 • 5 ^1 NaCI, 0.2 « SDS. 

-:• ^ X nT' e , 1: ,' S °' ati0n ° f mRNA frQm ^ C6 glioma cel .* 

10' rat glioma cells per dish) are iS^w^T„Si!! « J calf .* erum - 120 """^nt dishes (about 2.5 x 
3606-3615 (1974)]. The mRNA fracSon oSatned bv m aon « """^ by R " D " Palmiter [Biochemistry 13 
g ce„u,ose according to a method of M.S SSST^ 

* Example 2: Enriching mRNA for rat GdNPF 
HI «"««)e<> for 23 h a, 2W00 rpm l„ a SW 27 ro,o? a 20™c 7 ' 5 " mM EDT *"°° mM 

(which paranels GdNPF activSyi 2 h *cKjS2, ! I rem ° Ved / nd assa V ed * tease inhibitory acSvify so 
1963-1966 (1985)!. Briefly, a mix,™ o f m £ aS " y d6SCribed by J " Guenther «* al. (EMBO J 4 

plasminogen and the solution to K.SdT.T^^™*?'?- human urokinas e. P™«ed hum* 
monitored by measuring the decrease t'u bi^ a '405 n m ™ X ™< ,he 

u u.uuy ar 4us nm. The following results are obtained: 
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The fractions 13 and 14 are pooled and used for cDNA synthesis (Example 3). 

Example 3: Preparation of ds cDNA coding for rat GdNPF 
Inched mRNA coding for rat GdNPF ot bxample 2 .s used as a template to prepare double-s randed DNA 
(ds DNA) essentially as described in the Maniatis handbook [T. Maniatis. E.F. Fntsch and J. Sambrook, 
'Molecular Cloning, a Laboratory Manual". Cold Spring Harbor - Laboratory J, 9 ^ . Q KC| 

3 1 First strand synthesis- 100 ul reaction mixture containing 100 mM Tns-HCI, pH 8.3 (at 42 C), 70 mM KCi. 
10 mMTg^SffirmM of each dGTP, dCTP and dTTP, 0.4 mM dATP. 50 uCi a-»P-dJTP (Amersham. 
SoO Ci/mmoi). 50 ug/mi o.igo-dT (P-L Biochemical). 100 ug/m. mRNA (Example 2) rt50uj»,„„ 
myeloblastosis virus (AMV) reverse transcriptase (Stehelin. Sasel, Switzerland) are incubated for 6 mr .at 
42= C The reaction is terminated by adjusting the solution to 10 mM EDTA. The mixture is hydrolyzed for 90 mm 
at 52»C by adding 1 M NaOH to 0.2 M final concentration. After neutralization w.th 1 M Tns-HCI. pH 8.0 and i m 
HCI. the reaction mixture is extracted with phenol/chloroform. The organic phase is back ^* tract *t t °"Srf«5 
10 mM Tris-HCI. pH 8.0/1 mM EDTA/100 mM NaCI. The pooled aqueous phases are applied on a Sephadex 
G-50 column. 100 ul fractions are collected and radioactivity monitored by Cerenkov counting [P.WJ. ^Rigby et 
al J Mol Biol 113 237-251 (1977)]. cDNA containing fractions are pooled and precipitated with ethanol. The 
Jleld oi singts^anded cDNA is 4.6 ug. The size of the cDNA is 700-2000 nucleotides in length, as determined 
from its electrophoretic mobility in a 2% alkaline agarose gel in 30 mM NaOH/1 mM EDTA. 

3.2. Second strand synthesis and S 1 digestion: The obtained cDNA is incubated .n 100 ul mal volume of ^00 
mM H epes pH6 9 10 mM MgCI 2 . 2.5 mM Ul I, / 0 mM KCI. 0.5 mM of each dNTP. 5.8 uCi 3 H -dGTP, and 32 
Zs of DNAporymerLe (K.enovfragment, Boehringer Mannheim, for 150 min ., 20«C 16 i units of the .nzym. 
are added and the incubation continued for 60 min at 37'C. The reacfon >s ermmted b ad Wing E iDTAto 10 
mM. The mixture is extracted with phenol/chloroform and prec.pitated with ethanol. The resulting DNA « 
treated in a 100 ul incubation mixture containing 250 mM NaCI, 50 mM sodium acetate pH 4^5 mM ^ 
and 500 units/ml of S 1 endonuclease (Boehringer Mannheim) at ST C l for 30 mm. The "^V™** 
adding EDTA to 10 mM. After adding 1 M Tris-HCI. pH 8.0 to 100 mM the react.on « «^ ed ™£ 
phenol/chloroform. The cDNA is precipitated with ethanol at -70°C for ^30 ?^SSf^^Sl 
Obtained ds cDNA is dissolved in 20 ul of a solution of 50 mM Tris-HCI pH 7.4 7 ? M ^^^^SL 
each dNTP. and 1.5 units of the Klenov fragment. The reaction is .ncubated 30 mm at 22 C and then gopped ey 
adding EDTA to 10 mM. After extraction and passing through a Sephadex* CL-4B cdumn ^ M J"^ H * 
pH 7.5/1 mM EDTA/300 mM NaCI, aliquots of cDNA containing fractions are assayed or . ■ 2 JJ .agarose gtL 
Fractions with molecules > 600 bp are pooled, precipitated with ethanol and d.ssolved in 10 mM Tns HCI pn 
7.5/1 mM EDTA. 0.6 ug ds cDNA are obtained. 

Example 4: Preparation of a vector containing ds cDNA coding f or rat GdNPF from plasmid pBR 322 and 
transformation of E. coli HB 101 therewith i^.hated in 100 ul 

4.1. Preparation of ds cDNA with po lyTdC) tails: 540 ng ds cDNA of Example 3 are ^ubated -n ^ou ^ 
solution containing 200 mM potassium cacodylate. pH 6.9. 1 mM CoCI, 260 pmo 'H-dCTP. and 6 unrts 
terminal deoxynucleotidyl transferase (P-L Biochemicals) for 5 min at 37°C. Jo stop the react^ri. EDTA 
added to 10 mM. The mixture is extracted with phenol/chloroform, and the DNA precp.tated with etnan 
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cJC-tailed cDNA is stored at -20° at 10 ng/jil. 

A2 ' Annealin g of cut pBR 322 w ith poly(dG) tails to ds CDNA with noMriri ta»« a nn , 
with the ^°b«a : fd vector: A mixture of P 33 V ng dC-ta iieinrar^^ 

(cut with Pst I. Boehnnger Mannheim) in 200 ill 10 mM Tris-HCI dH 7 5/mn mM k? . P»R322 

incuba ie d5minat65-C.60minat55°Cand^ m , M is 

are added to 200 u. of competent E. co.i cells strain HB 101 whi h 1^ toTp^^S tT^m 

Example 5: Identif ication o f clones containing DNA coding for rat GdNPF bv hybridist.™ 

method as described in the Maniatis handbook The olasmid DMA ? s i^«^!h >k c I 6 a ' kahne lysis 
disso.ved in 10 mM Tris-HC. P H 7.5/1 mM EDT^atV^ 
pipetted onto untreated Gene Screen® filters (New Fnoianri w,„H* 3 r 1 ~x • ^ ^ solution are 

L 0 ^!/^^™?^ 06 9 ' i0ma Cel,s < Exam P |e D ^ dissolved in 30 o/ 0 formamide/20 mM Pipes oH 7 5/soo mM 

TS.?' 2 '" 9 .'" * y lce - e,ha "° 1 ' A «" IM»"9. »e eluates are pooled ana tn, TOWc ™S!SI?JSS^ 
■ an^Ses * " 4 >» *«•'■'" «•« *> *o Ir ans ,a,ion and Immur^eipl^Xn^S 

SSI'S KT^ZWS^^ NS " Ens'and ^oSS 

(Pha^maca) chromatography according to H. Hjelm et al. [FEBS Letters 28, 73^76 (1972)] ° L " 4B 

lysafe r". n :T L ' p ^r ° f / a t GdNPF sv n i hesi z ed by in vitr ° m J^h** * vi, ro 

E™?««h « of . Exampie **■ » m.xed with 10 ng anti-GdNPF antibodies of Example 5 3 in 150 uJ of 
C k° » 9 J, mM PMSF - The mix,,Jre is incuba,ed in a sili c°ni 2 ed EppendTrf ube for 17 h at^C 

2^ ^3ta^^^^J pt,i ^ , is freswy prepared by swei,in 9 £<**»&™h£U£ 

^^US^^SS^^TI!^ 2 T 9/m ' BSA (PentaX ' ,rac,ion V > and ^ times in the same bu«er 

Tin S^pJ 5 2 P0,yacrylamide ge. e.ectrophoresis is run and developed as 60 

to? U new h p e oo P . 0 S 0 of %^T^S^^f ^ " C ° l °™ 5 °' thiS °" e p00 ' are " mbined 
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general method of San^. . 1 .5 ug of the recombinant plasmid derived frcPpBR322 (Example 4.2) in 9 ul water 
are mixed with 1 ul (0.5 pmoles) of a primer complementary to the pBR322 derived vector just in front of the 
Pst 1 endonuclease cleavage site. The DNA is denatured, by heating for 3 min in boiling water, frozen for 1 min 
in dry ice/efhanol, thawed at room temperature and mixed with 1 u! 100 mM Tris-HCI pH 8.3/50 mM MgCl2. The 
5 annealing mixture is incubated for 30 min at 37 e C. The sequencing reaction is performed as described in the 
Amersham sequencing manual (M 13 cloning and sequencing handbook, Amersham). The sequence found is 
depicted in formula V. 

Example 6: Cloning of human GdNPF cDNA 

10 6.1. Human glioma cells: Five human glioma cell lines established by Drs. E.H. Macintyre and N. de Tribolet 
(JP.Perkins et al., Life Sciences 10. 1069-1080 (1971 ), B. de Muralt et al., Eur.J.Cancer Clin.Oncol. 21 , 207-216 
(1985)] are analyzed by Northern blot for the presence of mRNA hybridizing with a DNA probe labelled with 32 P 
by in vitro nick translation of the positive rat GdNPF cDNA clone of Example 5. 10 ug of total cytoplasmic RNA 
are used per lane. Hybridisation is done for 15 h at 42°C using 1x10 6 cpm of the nick translated probe per ml. 

75 The filters are washed four times for 5 min in 30 mM sodium citrate, pH 7.0/300 mM NaCI/0.1 o/o SDS at room 
temperature and two times for 15 min in 1.5 mM sodium citrate, pH 7.0/15 mM NaCI/0.1 % SDS at 60°C. Cell 
line LN-340, which has been deposited at the "Collection Nationale de Cultures de Microorganismes\ Institut 
Pasteur, Paris, on February 5, 1986 under the number i-518, gives strong hybridization and is grown to 
confluency in 40 10 cm tissue culture dishes. 

20 6.2. Isolation of mRNA: A one ml pellet of human glioma cells LN-340 containing approximately 10 8 cells is 
dissolved in 6 ml of a filtered solution prepared from 100 g of guanidinium thiocyanate, 100 ml of H20, 10.6 ml 1 
M Tris-HCI. pH 7.5., 4.2 ml 0.5 M EDTA, 21.2 ml 20% N-laurylsarcosine and 2.1 ml of 2-mercaptoethanol. After 
vigorous shaking 2.7 g of baked CsCI are added and the solution is layered over a 2 ml cushion of 5.7 M CsCI in 
0.1 M EDTA, pH 7.5 in a 12 ml centrifuge tube. The tube is filled up with H 2 0 and centrifuged for 16 h at 29000 

25 rpm at 20° C in a TST 41 rotor (Kontron). At the end of the run most of the supernatant is removed and the tube 
is drained by quickly inverting. The glazy RNA pellet is dissolved in 0.4 ml of 10 mM Tris-HCI, pH 7.5 and 0.2 0/0 
SDS by vortexing and occasional warming (2 min) at 37° C. The RNA is precipitated by addition of 1 ml of 
ethanol and centhfugation in an Eppendorf centrifuge for 5 min. The RNA (1.1 mg) is air dried and dissolved in 
0.5 ml of etution buffer. After heating for 2 min at 68 c C and chilling on ice, 55 ul of 5 M NaCi are added and the 

30 solution is applied to a 2 ml column of oligo-dT cellulose (type 7. P-L Biochemicats) equilibrated in wash buffer. 
After three subsequent applications of the sample the column is washed with 15 ml of wash buffer, and the 
bound RNA eluted with 4 ml of elution buffer. The eluted material is heated for 2 min at 68° C, chilled and 0.44 ml 
of 5 M NaCi are added. The solution is applied to the re-equilibrated oligo-dT cellulose column (3x). After 
washing with 1 5 ml of wash buffer the bound RNA is eluted with 4 ml of elution buffer. The RNA is precipitated 

35 overnight at -20° C by addition of 0.25 ml of 3 M NaOAc pH 5.5 and 10 ml of ethanol. The precipitate (76 ug) is 
collected by centrifugation (15 min at 16000 g), dissolved in 0.4 ml H2O and re-precipitated by addition of 25 ul 
of 3 M NaOAc and 1 ml of ethanol. After chilling in dry-ice for 10 min the RNA is collected by centrifugation for 5 
min in an Eppendorf centrifuge. The pellet is air dried and dissolved in 75 ul of H2O. 

6.3. Preparation of cDNA: 10 ul (1 mg/ml) of the RNA solution is incubated in a solution containing 25 ul RVT 
40 buffer, 2.5 ul dNTP mix (20 mM of dATP, dCTP, dTTP, and dGTP each), 5ul of 1 mg/ml oligo-dTi 2-T8 IP-L 

Biochemicals). 1 ul a- 32 P-dCTP (10 uCi. 3000 Ci/mmol), 3 ul RNasin® (60 units, Biotec). 3 ul reverse 
transcriptase (66 units, Genofit), and 2 ul of H2O. The mixture is incubated for 1.5 h at 42 C C, then the reaction 
stopped by addition of 2 ul 0.5 M EDTA, pH 7.5. The RNA is degraded by addition of 25 ul 0.15 M NaOH and 
incubation at 65 c C for 1 h. The solution is neutralized by addition of 25 ul of 1 M Tris-HCI, pH 8.0 and 6 ul of 1 M 

45 HCI. 2 ul of 20 0/0 SDS are added and the solution is extracted with 0.15 ml phenol-chloroform mix (equal 
volumes of phenol and chloroform, 0.1 0/0 5-hydroxyquinoline and equilibrated with 10 mM Tris-HCI, pH 8.0, 1 
mM EDTA and 0.1 M NaCi). The aqueous phase is applied to a 2 ml Sephadex® G-50 (medium) column in a 
pasteur pipet equilibrated with TNE buffer. The breakthrough fraction (0.4 ml) containing 3 ug of cDNA is 
collected, and the cDNA precipitated by addition of 1.ml ethanol and chilling in dry-ice for 10 min. After 

50 centrifugation (5 min, Eppendorf centrifuge) the air-dried pellet is dissolved in 32 uJ H2O. The cDNA is 
extended with oligo-dC tails in a reaction mixture containing 32 uJ cDNA (2.8 fig), 10 |il 1 M potassium 
cacodylate, pH 7.0, 5 pJ 10 mM C0CI2. 5 ul 1 mM DTT and 10 uCi of 3 H-dCTP (20 Ci/mmol, 10 ul lyophylized). 
After preincubation for 5 min at 37° C 3 ul of terminal deoxynucleotidyl transferase (81 units, P-L Biochemicals) 
are added and incubation is allowed to proceed for 10 min. 50 ul of TNE buffer are added and the solution is 

55 extracted with 0.1 ml phenol-chloroform mix. The cDNA is precipitated by addition of 0.1 ml ethanol and chilling 
in dry-ice. After centrifugation the pellet is washed with 70 0/0 ethanol. air-dried and dissolved in 13 ul of H2O. 

6.4. Preparation of dscDNA: Above solution of cDNA in 13 ul H 2 0, 25 ul RVT buffer, 2.5 u! dNTP mix (20 mM 
of dATP, dCTP, dTTP and dGTP each), 5 ul 0.2 mg/ml oligo-dGt 2-18 (P-L Biochemicals), 3 ul a- 32 P-dCTP (10 
mCi/ml, 3000 Ci/mmol) and 3 ul of reverse transcripttase (66 units, Genofit) are incubated at 42°C for 1.5 h. 

60 The reaction is stopped by addition of 2 ul 0.5 M EDTA, pH 7.5 and 50 ul TNE buffer, and the mixture is 
extracted with 0.15 ml phen l-chloroform mix. The aqueous phase is applied onto a Sephadex® G-50 column 
(2.5 mt in TNE buffer) and the breakthrough fraction (0.4 ml) containing 1.8 ug of ds cDNA is collected. The 
DNA is precipitated by addition of 1 ml ethanol and chilling in dry-ice. The resulting pellet is taken up in 32 uJ 
H2O and the DNA extended with oligo-dC tails as described in Example 6.3 for single-stranded cDNA. Th 

65 reaction is stopped by addition of 1 ul 0.5 M EDTA, pH 7.5. and the sample loaded onto a horizontal 1 °/o 
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m.cro-collodionbagstSartorius) and presoaked inH,0 0 3 ml M n 1M* 6XC ' Sed and P |aced in two 
electrophoresis apparatus" containing \ M^SSSf™ bu^ftho nSf d ,he ba9S are p,aced ir > a " 
electrode distance for 20 min and recovered from th- S k The DNA ls electroeluted at 5 V/cm 

phenol-ch.oroform mix, 40 p.1 of 3 M "aOAc pH™ 5 a^d 1 2 m^'et^Tnoi '^".SP- eX,r - ac,ion " ith oi r3 
dry-ice for 10 min. After centrifugation (5 m^^^ 2 J^^^^ 5 S0,ufi °" chi » d 

d.ssolved ,n 20 m of 10 mM Tris-HCI. pH 8.0 and 1 mM EDTA 9 * C ° NA 3re recov ered and 

(10U n9,ofoli g o-dG 1 o. 2 o tai.ed pS£ ^ WpSLS^w J ^T'* ^ ' S m ' Xed wi,h 8 ^ 

65'C for 10 min. at 46°C for 1 h at 37'C for h Inn!, . ^ E buffer and sequentially incubated at 
DNA is used to transform competent E co ^S^SS^^ V* ™^<*NAl£2i2 
transformation as described in the ManiaSandhli i , ( f ^ 1035,1 wh,ch have beer > prepared for 
ce..s and left on ice for 30 min. This S^r^S^S S^.T "! ^ ,0 200 * « compete ° 
« for 2 min. 0.8 ml of SOC medium is added per tube whJh ?iEE l i2j t? Ck ° f 90 SCC and chi,lin 9 in 
contains 2 <* Bacto trypton. 0.5 <Vb yeast extract fbSh f ?2n r L . £ ? ^ f ° r 60 min at 37 ° C - S °C medium 
mM MgSO, and 20 mM glucose. Mbt ^^S^^^ 0 ^ 0 ™ M NaCI ' 2 5 mM K C 10 mM MgCI 2 5 
agar plates (15 cm, containing 50 ^^^SST^^lll £ ^ ^ ° Ut °" 3 

2500 recombinants per plate 9 arelfted ontony o mem b nes Tw^dtLTT^ a, ^ &TOa,B,u,an J 
master filter is stored at 4°C on an agar plate I and thTrl^L V ] a " d ^ replicas ma de. The 

described in the Maniatis handbook P " CaS are processe d for colony hydration as 

^^^^ 

M S-S^K •«, of a solution containing 0.9 M Nad. 0,8 

HP/ml of denatured calf thymus DNA Hyb ^ 

containing the heat-denatured nick-trans ffeS^prSTS J VfilT* 1 "* « ,he same M ™ 
hybridization the filters are washed in 200 ml of 0 9 M NaCl n « k* t W 3 Sea,ed p,astic ba 9- A «er 
SDS. twice at 65'C. followed by two washes at 65«C IIS J m J= m^ PH 8 °' 6 mM EDTA and 0.2 % 
EDTA and 0.2 o/ 0 SDS and two washes wih WmfoTS if M^ri n n^'' °° 9 M TriS " HCI - pH 80 - 3 mM 
0.2 o/o SDS. The filters are exposed on an X-ray film over nfoht IS? ' v T "'' Ha pH 8A 1 mM EDTA and 
eleven positive colonies are grown up and^he^ 

recombinant plasmids containing inse's ^^pp oxiS iTx ,?„|S25 reS, 2' Cti ° n analysiS ' Two 
analys.s as described in the Maniatis handbook anc f^dllrrL nu ?[ e ° ,,des are cn «en for restriction 
method of Sanger (M13 cloning and sequencin^^ COding Sequences usin 9 *° 

sequence analysis is given in the drawing The 2 seouS^ SUmmary 0f the r «triction and 

of the formula IV. wherein W is A (hence X 2 7s A 1 and Z lT? ^ °" e Clone 9 ives a 

IV. wherein W is AC AG (hence i a is Thr-Gly) C ' Cne 9 ' ves a DNA * Wnce of the formula 

medium to an optical density (OD 65 o, of aboS 5 tZ V»l «Muence of formula IV is grown in tryptons 
aqueous solution eont^B^oSfiSi^^SS ^ [ c eSUSpended in " ^ of an 

After 30 min. at 0°C. the suspensions ^^^\^^'^ M - Ly8l ^ lSi ^ ,8 ^^o 1 mg/ml. 

centrifugedfor2t ) minat20 0oSrpm in an y 1?S£^TK£^S 3? '° «™ S - ,hen 
casein degradation assay of Example 2 and the n«7rH» « # I. 6 superna,a r>»s are tested using the 
purified by chromatography on ES^S^SE SS^f EXamP ' e 9 ' 77,6 human GdN ' F * 
described for rat GdNPF by Guenther et 'a.' EMBO ° ^ 4 {SS^itST 08 '^ °" Affi " Ge ' ^ 38 

Example 9: Neurite outgrowth assay 55 

humidified atmosphere containing Wo /o C o ^Jfte ?J 2 h 7h?!l 5f COnta,n,n 9 100/0 p CS at 37-C in a . 
0.5 0/0 PCS dialyzed exhaustively against 0 9 ^o NaCl loiuLn h ?t ,S rep ' aCed ^ DMEM containing 

and frozen. After 22 h 100 jxl of a cell supernal an : 5 n a r i f ' inactivated ^ then filter-sterillzed 5(7 

assay is terminated after 4 h by fixatio^ 

morphological differentiation is deteS Qlutaraldehyde in PBS. The extent of 

[Proc. Nat. Acad. Sci. USA 70 189^ 1897 (1973,] St m,crosc °Py described by 0. Monard et al. 
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Example 10: Demonstration of relationship between novel human GaNPF and known rat GdNPF 

About 250 ug of rat GdNPF [J. Guenther et al., EMBO J. 4. 1963-1966 (1985)] is reduced and 
carboxymethylated according to VT. Ruegg et al. [Methods in Enzymology 47, 111-116 (1977)]. The reaction 
mixture is diafyzed against 0.1 °/o TFA, concentrated to 1 ml with a Savant Speed Vac concentrator and 
5 desalted by reversed phase high pressure liquid chromatography. The sample is injected on a widepore Ca-RP 
column 0.4 x 25 cm (Bakerbond© RP 7105-0, J.T. Baker) and processed with 0.1 o/ 0 TFA in a gradient of 40 o/ 0 
to 50 °/o aqueous acetonitrile in 30 min. The fraction containing the protein is freed from acetonitrile and 
concentrated to 0.5 ml (Savant Speed Vac concentrator). The resulting solution, 120 ul of 1 M NH4HCO3 and 2 
jig trypsin (Worthington) in 10 ul 10- 3 M HCI are incubated for 24 h at 37° C. The reaction mixture is acidified to 

10 pH 2 with TFA and purified by high pressure liquid chromatography on the same column as above. The sample 
is processed with 0.1 o/ 0 aqueous TFA (5 min), then a gradient of 0.1 o/ 0 TFA in 0% to 50 0/0 aqueous 
acetonitrile in 90 min. Fractions containing five different polypeptides cleanly separated during the first half of 
the chromatography are collected and concentrated to 20 ul. then sequenced on a commercial gas-liquid 
phase sequencer (Applied Biosystems). 

15 The following sequences are found: 

1) Thr-Phe-Val-Ala-Gly-Asp-Gly-Lys. related to sequence 187 to 194 of human GdNPF, wherein Ala 
replaces 5 Gly 

2) Phe-Gln-Pro-Glu-Asn-Thr-Lys, identical with sequence 178 to 184 of human GdNPF, 

3) Thr-lle-Asn-Ser-Trp or Thr-Met-Asn-Thr-Met-Val-Pro-Lys, related to sequence 257 to 268 of human 
20 GdNPF, 

4) Ala-IIe-Val-Ser-lys, identical with sequence 79 to 83 of human GdNPF, and 

5) Ala-Asn-Phe-Ala-Lys, identical with sequence 303 to 307 of human GdNPF. 

These results indicate that the isolated human cDNA indeed corresponds to the coding sequence of GdNPF 
and does not represent an artefact. 

25 

Example 11: Synthesis of GdNPF fragments 

The peptides are synthesized using the solid-phase method developed by Merrifield (A. Marglin & R.B. 
Merrifield, Ann. Rev. Biochem. 39, 841-866 (1970)] with two minor modifications: The tert-butoxycarbonyl-pro- 
tected amino acids are activated for condensation by the addition of dicyclohexylcarbodiimide and 
30 1-hydroxybenzotriazole (W. Konig & R. Geiger, Chem. Ber. 103, 788-798 (1979)], and the resin is washed 
alternatingly with solvents that favour swelling and extreme shrinking [L Corley, D.M. Sachs & C.B Anfinsen, 
Biochem., Biophys. Res. Commun. 47, 1353-1359 (1972)]. 

11.1. Peptide synthesis protocol : The C-terminal amino acid is condensed with chloromethylated 
polystyrene resin (Merrifield polymer, FLUKA, Buchs, Switzerland) according to the procedure of B.F. Gisin 
35 [Helv. Chim. Acta 56, 1476-1482 (1S73)]. The peptide synthesis is carried out manually in a reactor designed by 
M.A. Juillerat (Nestec SA, Switzerland). Mixing is achieved by flushing nitrogen through the reactor vessel. 
A reaction cycle consists of: 

(a) 50 0/oTFA/CH 2 Ci 2l 5min 

(b) 50%TFA/CH 2 CI 2 ,25min 
40 (c) CH 2 Cl2, three times 2 min 

(d) CHCI3, three times 2 min 

(e) triethylamine/CHCl3 1 :9, twice 5 min 

(f) CHCI3. three times 2 min 

(g) dimethylformamide (DMF), three times 2 min 

45 (h) 4 equivalents tert-butoxycarbonyl-protected amino acid and 4 equivalents 1-hydroxybenzotriazole 

in DMF, followed after 1 min by 4 equivalents dicyclohexylcarbodiimide in CH2O2, 60 min 
(i) DMF, twice 2 min 
(j) CH 2 Cl2,twice2min 
(k) ObOH.twiceSmin 
SO (I) CH2CI2, three times 2 min 

(m) second coupling with 2.5 equivalents of the same protected amino acid, steps (d)-(l) 
(n) 1 0/0 N-acetylimidazole and 10 % acetic anhydride in CH 2 CI 2 , 30 min. 
The following NMert-butyloxycarbonyl(N-BOC)-L-amino acids (Bachem Fine Chemicals, Bubendorf, 
Switzerland) are used: 
55 N-BOC-L-alanine 

Na-BOC-Nu-nitro-L-arganine 
N-BOC-L-aspartic acid-0-cyclohexylester 
N-BOC-L-glutamine 
N-BOC-L-glutamic acid -y-benzylester 
60 N-BOC-L-glycine 

Na-BOC-Nim-t syi-L-histidine 
N-BOC-L-isoleucine 

No-BOC-Nc-2-chlorobenzyIoxycarbonyl-L-lysine 
N-BOC-L-phenylalanine 
65 N-BOC-L-proline 
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N-BOC-0-benzy|-L-serine 

N-BOC-0-ben*y|.L-threonin 
N-BOC-L-lryptophane 
N-BOC-L-valine 



mm °' ) 0l ^^^ ] hB reaC, ° r Vessel is charged 3 02 m pq 

a '° 90U ^^ ii1 ^^ iS PWd in a manner 
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Claims 

^^^^^ 

Gly^al-Asn G ly-Va^ 

Val-Ser-Lys-Ly -Asn L vs l^l Z , ^-^-"e^n-Lys-Ala-lle- 80 
Val-Lys^sn^a-^-GL^e-G^ 96 

Ser-Ala-Cys-Asp-Ser-lle-Asrt -All ° T t ^^^^^'"-Asp-Pro-Ala- 128 
Met-lle-Asp-As -Leu-Let Jler P% T ?^»+V« ilu -' n *-*W-'*P- M 
Arg-Leu-Val-Leu-Val-Asn-All VaSw 'Si^-'^^P-G'y-Val-Leu-Thr- 160 
Arg-Phe-Gln-Pro-Glu-Asn-Thr-Lvi K ^ ^-^"-Trp-Lys-Ser- 176 
Gly-Lys-Ser-Tyr-Grn-^ 
Cys-Gly-SerXse^ 
Leu-Pr^yr-His-G^^^ 

Glu-Ser-Ser-Thr-Pro-Leu Serbia Me Prn H e" Leu - Pr °- Thr - 240 
Thr-lle-Asp-Ser-Trp-Met-S^ 
«e-Leu-Pro-Lys-Phe^^ 

Leu-Lys-Val-Leu-Gly-lle-T^rAsD-M! f '^-^P-^Lys^lu+ro-ass 
Ph -Ala-Lys-lle-Thr-X 2 -Ser-Gl! aII f t Asp - Ser - Ser -Lys-Ala-Asn- 304 
Gln-Lys-Aia-Lys-lle-G u Val-Ser'^u a!"'?,' ^'-Ser-His-lle-Leu- 320 

Ala-Thr-Thr-A.a-l,e-Leu-lte ^^^^^^•^■SSB 60 
Val-Asp-Arg-Pro-Phe-Leu-Pht Ph."? er - Pro - Pr °-Trp-Phe-lle- 352 

55 



40 



45 



50 



55 



21 



optionally glycosylated, wherein Cys is optionally in the disulfide fonn, Xi is hydrogen, acyl, the peptide 
residue of the formula 

-19 ' . -15 -10 -5 

Met-Asn-Trp-His- Leu-Pro- Leu- Phe-Leu-Leu-Ala-Ser-Val-Thr-Leu-?ro-Ser- 

-1 

Ile-Cys- (II) 



or a fragment of the residue of formula II comprising between 1 and 18 amino acids from the carboxyl end, 
optionally in acylated form, and X2 is Arg or Thr-Gly, related polypeptides retaining neurite-promoting 
activity, wherein one or more single amino acids in the compound of the formula I are replaced by other 
amino acids, and fragments of the compound of the formula I comprising at least 10 consecutive amino 
acids selected from the amino acid chain between the amino acid 29 and amino acid 378 and optionally 
one or more other amino acids. 

3. Human GdNPF according to claim 2 of the formula I, wherein Cys is optionally in the disulfide form 
and X1 is hydrogen, acetyl, the peptide residue of the formula I! or a fragment of the residue of formula II 
comprising between 1 and 18 amino acids from the carboxyl end. 

4. Human GdNPF according to claim 2 or 3 of the formula I, wherein Cys is optionally in the disulfide 
form and X1 is hydrogen, the peptide residue of the formula It, the fragment comprising the amino acids 
-18 to -1 of the formula II, Pro-Ser-lle-Cys-, Ser-lle-Cys-, Ile-Cys-, or Cys-. 

5. Human GdNPF according to claim 2, 3 or 4 wherein X2 is Arg. 

6. Human GdNPF according to claim 2, 3 or 4 wherein X2 is Thr-Gly. 

7. A GdNPF-related polypeptide according to claim 1 of formula I, wherein X1 and X2 have the meaning 
given in claim 2 and wherein one, two, three or four single amino acids are replaced by other amino acids. 

8. A fragment according to claim 1 comprising at least 10 consecutive amino acids of the compound of 
the formula I, wherein X2 is Arg or Thr-Gly, selected from the amino acid chain between the amino acid 29 
and amino acid 378, and optionally one or more other amino acids. 

9. A fragment according to claim 8 comprising amino acids 2 to 378, 3 to 378, 4 to 378, 5 to 378 6 to 378 
or 7 to 378 of the compound of the formula I. 

10. A fragment according to claim 8 comprising 10 to 50 consecutive amino acids of formula I including 
310 Arg and 311 Ser and/or 345 Arg and 346 Ser and optionally one, two or three other amino acids. 

11. A fragment according to claim 8 comprising 10 to 50 consecutive amino acids of formula I including 
amino acids selected from the amino acid chain 72 to 96, 134 to 146, 159 to 195 or 314 to 378, and 
optionally one, two or three other amino acids. 

12. A fragment according to claim 8 or 11 of the formula Gln-Lys-Ala-Lys-lle-Glu-Val-Ser-Glu-Asp-Gly- 
Thr-lys-Ala. 

13. A fragment according to claim 8 or 11 of the formula His-lys-Ala-Lys-lle-Glu-Val-Ser-Giu-Asp-Gly- 
Thr-Lys-Ala. 

14. A fragment according to claim 8 or 11 of the formula Arg-Ser-Ser-Pro-Pro-Trp-Phe-lle-Val-Asp-Ser- 
Phe. 

15. A fragment according to claim 8 or 1 1 of the formula Lys-Ser-Arg-Phe-Gln-Pro-Glu-Asn-Thr-Lys-Lys- 
Arg-Thr-Phe. 

16. A process for the preparation of human GdNPF, related peptides and fragments thereof retaining 
neurite-promoting activity comprising isolating the desired compound from cells producing it or 
synthesizing it by condensation reactions. 

17. A process according to claim 16. comprising the steps of 

a) isolating a DNA coding for GdNPF or a fragment thereof from a cDNA library of glial cells or a 
genomic DNA library and optionally mutating it, or chemically synthesizing such a DNA, 

b) incorporating the DNA into an appropriate expression vector, 

c) transferring the obtained hybrid vector into a recipient host, . 

d) selecting the transformed host from untransformed hosts by culturing under conditions under 
which only the transformed host survives, 

e) culturing the transformed host under conditions which allow expression of the heterologous 
polypeptide, and 

f ) isolating the human GdNPF, related peptide, or fragment thereof. 

18. A process according to claim 16, characterized in that a N-protected amino acid is coupled to a 
suitable resin, the protecting group is removed, a second N-protected amino acid is condensed with the 
amino group of the first amino acid, the cycle of deprotection/condensation with the next N-protected 
amino acid is repeated until the peptide residue of the desired composition is complete, and finally this 
peptide residue is cleaved from the resin and deprotected. 

19. A DNA coding for GdNPF, a mutant thereof, a DNA coding for related polypeptides retaining 
neurite-promoting activity or a fragment of such DNA comprising at least 15 nucleotides. 

20. A DNA according to claim 19 of the formula 
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Y3-Y 10 -Y 2 o-Y 10 .Y 16 -Y 15 -Y 9 -Y -Y o-Y -Y -Y^Y Y?Y V 



Yi-Yi-Y4-Ye-Yi2-Yi6-Yi9-Y6-Y2o-Yis-Yi3-Yii-Yi-Y8 Y y Y v* v v 7 " Yl2 " Yl ** Y *" Yl7 * Yl4 * Yl 
Y 3 -Y 4 -Yn-Y 18 -Y 19 -Y3-Yw-Y 10 -Y 7 Y -Y ^Y -Y .Y^ 
YieYi6-Yir-Yis-Yii-Yi6-Yi-Yio-Yio-Yis-Y9-YiA Y v ^ 
Yjo-Y^-Y^-Y^Y^-Ye-Y^^ o-Y ,-Y ^ 

Yi6-Y 9 -Y,o-Y,,Y6-Y 12 -Y,-Y 12 -Y, 0 -Y7-Y 5n Y v v V v « ^"-^o-Yi'-Yia-Yie-Yz-Ys-Yn-Y.-Yao- 
Yi-Y 2 -Y 16 -Y 16 -Y 15 -Y 15 -Y^ 

Yii-Yi4-Y,^Y.-Y,.Y 10 -Y3VaV5-Y 2 ,-Z 2 ,5 - Vl4 - Y "- Y "- Y ": Y io-Y 2 .Y,-Y,.Y 1 5-Y, 7 .Y.-Y 1 -Y ao . 
wherein 

Y, codes for alanine (Ala) and is GCT, GCC, GCA or GCG 

Y 2 codes for arginine (Arg) and is CGT, CGC, CGA, CGG AGA or AGG 

Y 3 codesforasparagine(Asn)andisAATorAAC u - «*ja or AGG, 

Y 4 codes for aspartic acid (Asp) and is GAT or GAC 

Y S codes for cysteine (Cys) and is TGT or TGC 

Y 6 codes for glutamine (Gin) and is CAA or CAG 

Y 7 codes for glutamic acid (Glu) and is GAA or GAG 

Y 8 codes for glycine (Gly) and is GGT. GGC. GGA or GGG 

Y 9 codes for histidine (His) and is CAT or CAC 

Y, 0 codes for isoleucine (He) and is ATT. ATC or ATA 

Yi , codes for leucine (Leu) and is TTA. TTG, CTT, CTC CTA or CTG 

Y, 2 codes for lysine (Lys) and is AAA or AAG ' 

Yi 3 codes for methionine (Met) and is ATG 

Ym codes for phenylalanine (Phe) and is TTT or TTC 

Y„ codes for proline (Pro) and is CCT. CCC. CCA or CCG 

Y n6 codes or serine (Ser) and is TCT, TCC. TCA, TCG AGT or AGC 

Y 17 codes orthreonine (Thr) and is ACT, ACC, ACA or ACQ 

Y 18 codes for tryptophan (Trp) and is TGG ' : 

Y, 9 codes for tyrosine (Tyr) and is TAT or TAC 

Y 20 codes for valine (Val) and is GTT, GTC. GTA or GTG 

Y 2 i isastopcodonTAA.TAGorTGA, 

a doub.e.stranded DNa' cTs.Kfg of i SfoT tonS??.?'^ f * ^ 0pti0nal * ,inked ' 
complementary DNA itself, a mutant thereof whS l! 1 "'"P'ementary DNA thereto, that 

f £ 9 7^ fSUC ^ 0 6 ° r m ° re nUC * e0tideS 3re mutafe * 

DNA according to claim 19 or 20 of the formula 4 * 



2»- 



MetAsnTrpHisLeuProLeuPheLeuLeuAlaSer -8 



60 SO 



3-CGGICGTCCITGGTGGAAGTAACCATGAACTGGCAICTCCCCCTCTTCCTCTTGGCCTCT 

ValThrLeuProSerlleCylserHisPheAsnProLeuSerLeuGluGluLeuGlySerAsn 14 

GTGACGCTGCCTTCCATCTGCTCCCACTTCAATCCTCTGTCTCTCGAGGAACTAGGCTCCAAC 123 55 

IhrGlylleGlnValPheAsnGlnlleValLysSerArgProHisAspAsnlleVallleSer 35 

ACGGGGATCCAGGTTTTCAAICAGATTGTGAAGTCGAGGCCTCAIGACAACAICGTGATCTCI 186 « 



65 
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ProHisGlylleAlaSerValLeuGlyMetLeuGlnLeuGlyAlaAspGlyArgThrLysLys 56 

CCCCATGGGATTGCGTCGGTCCTGGGGATGCTTCAGCTGCGGGCGGACGGCAGGACCAAGAAG 249 

GlnUeuAlaHetValMetArgTyrGlyValAsnGlyValGlyLysIleLeuLysLysIleAsn 77 

CAGCTCGCCATGGTGATGAGATACGGCGTAAATGGAGTIGGTAAAATATTAAAGAAGATCAAC 312 

LysAlalleValSerLysLysAsnLysAspIleValThrValAlaAsnAlaValPheValLys 98 

AAGGCCATCGTCTCCAAGAAGAATAAAGACATTGTGACAGTGGCTAACGCCGTGTTTGTTAAG 375 

AsnAlaSerGluIleGluValProPheValThrArgAsnLysAspValPheGlnCysGluVal 119 

AATGCCTCTGAAATTGAAGTGCCTTTTGTTACAAGGAACAAAGATGTGTTCCAGTGTGAGGTC 438 

ArgAsnValAsnPheGluAspProAlaSerAlaCysAspSerlleAsnAlaTrpValLysAsn 140 

CGGAATGTGAACTTTGAGGATCCAGCCTCTGCCTGTGATTCCATCAATGCATGGGTTAAAAAC 501 

GluThrArgAspMetlleAspAsnLeuLeuSerProAspLeuIleAspGlyValLeuThrArg 161 

GAAACCAGGGATATGATTGACAATCTGCTGTCCCCAGATCTTATTGATGGTGTGCTCACCAGA 564 

LeuValLeuValAsnAlaVallyrPheLysGlyLeuTrpLysSerArgPheGlnProGluAsn 132 

CTGGTCCTCGTCAACGCAGTGTATTTCAAGGGTCTGTGGAAATCACGGTTCCAACCCGAGAAC 627 

ThrLysLysArgThrPheValAlaAlaAspGlyLysSerlyrGlnValProMetLeuAlaGln 203 

AC^AAGAAACGCACTTTCGTGGCAGCCGACGGGAAATCCTATCAAGTGCCAATGCTGGCCCAG 690 

LeuSerValPheArgCycGlySerThrSerAlaProAanAspLeuTrpTyrAsnPhelleGlu 224 

CTCTCCGTGTTCCGGTGTGGGTCGACAAGTGCCCCCAATGATTTATGGTACAACTTCATTGAA 753 

LeuProIyrHisGlyGluSerlleSerMetLeuIleAlaLeuProThrGluSerSerThrPro 245 

CTGCCCTACCACGGGGAAAGCATCAGCATGCTGATTGCACTGCCGACIGAGAGCTCCACTCCG 816 

LeuSerAlallelleProHisIleSerThrLysThrlleAspSerlrpMetSerlleMetYal 266 

CTGTCTGCCATCATCCCACACATCAGCACCAAGACCATAGACAGCTGGAIGAGCATCATGGTG 879 

ProLysArgValGlnVallleLeuProLysPheThrAlaValAlaGlnThrAspLeuLysGlu 287 

CCCAAGAGGGTGCAGGTGATCCTGCCCAAGTTCACAGCTGTAGCACAAACAGATTTGAAGGAG 942 
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ProLeuLysValLeuGlylleThrAspMetPheAspSerSerLysAl.AsnPheAlaLysIle 308 
CCGCTGAAAGTTCTTGGCAITACTGACATGTTTGATTCATCA.^GGCAAATTTTGCAAAAATA 1 005 

ThrXz-SerGluAsnLeuHisValSerHisIleLeuGlnLysAlaLysIleGluValSerC-lu" 329 
ACAWGGTCAGAAAACCTCCATGTTTCTCATATCTTGCAAAAAGCAAAAATTGAAGTCAGTGAA 1068 

AspGlyThrLysAlaSerAlaAlaThrThrAlalleLeuIleAlaArgSerSerProProTrp 350 
GATGGAACCAAAGCTTCAGCAGCAACAACTGCAATTCTCATTGCAAGATCATCGCCTCCCTGG 1131 

PhelleValAspArgProPheLeuPhePhelleArgHisAsnProThrGlyAlaValLeuPhe 371 
TTTATAGTAGACAGACCTTTTCTGTTTTTCATCCGACATMTCCTACAGGTGCTGTGTTATTC 1194 

MetGlyGlnlleAsnLysPro 

ATGG GGCAG AT AAAC AAAC C CTGAAG AGTATAC AAAAGAAAC CAT GCAAAG C AAC GACT ACT T 1257 
TGC-2w (IV)f 

22. A DNA according to claim 20 of the formula III wherein Yi to Y« 7, an H 7 ~ *u 

23. A DNA according to claim 21 of the formula IV, wherein W is A or ACAG X, k a™ n , tk, - , 

li i nUf accor * in 9 ^ claim 21 or 23 of the formula IV, wherein W is A and X 8 is Arg 

2" 1 SIE f CC ° rd '" 9 10 C,a,m 21 ° r 23 0f ,he formula IV - wner ein W is ACAG and X 2 ?s Thr-Glv 

27 J S£ i^T 3 f C °: din9 ,0 C ' aim 1 9 ' 20 or 21 "^Prising at least 1 5 bases 

™%£^ 

28. A DNA according to claim 1 9 of the formula 




-1 1 

MetAsnTrpHisPheProPhePhelleLeuIhrThrValThrLeuSerSerValTyrSer 1 
Z5-ATGAATTGGCATTTTCCCTTCTTCATCTTGACCACAGTGACTTTATCCTCTGTGTACTCC 60 

GlnLeuAsnSerLeuSerLeuGluGluLeuGlySerAspThrGlylleGlnValPheAsn 21 
CAGCTCAACTCTCTGTCACTCGAGGAACTAGGCTCTGACACAGGGATCCAGGTTTTCAAT * 1 20 

GlnllelleLysSerGlnProHisGluAsnValValll^SerProHisGlylleAlaSer 41 
CAGAICATCAAATCACAGCCTCATGAGAACGTTGTCATTTCICCGCACGGGAITGCGTCC 180 

IleLeuGlyMetLeuGlnLeuGlyAlaAspGlyArgThrLysLysGlnLeuSerThrVal 61 
ATCTTGGGCATGCTGCAGCTGGGGGCTGACGGCAGGACGAAGAAGCAGCTCTCAACGGTG 240 

MetArgTyrAsnVaLAsnGlyValGlyLysValLeuLysLysIleAsnLysAlalleVal 81 
ATGCGATACAATGTGAACGGAGTCGGAAAAGTGCTGAAGAAGATCAACAAGGCTATAGIC 300 

SerLysLysAsnLysAspIleValThrValAlaAsnAlaValPheValArgAsnGlyPhe 101 
TCCAAAAAGAATAAAGACATAGTGACCGTGGCCAATGCTGTGTTTGTCAGGAATGGCTTT 360 

LysValGluValProPheAlaAlaArgAsnLysGluValPheGlnCysGluValGlnSer 121 
AAAGTGGAAGTGCCTTTTGCAGCAAGGAACAAAGAGGTGTTTCAGTGTGAAGTACAGAGT 420 
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VaUsnPheGl^spProAUSerAlaCysAspAlalleAsnPheTrpValLysAsnGlu 141 
GTGAACTTCCAGGACCCGGCCTCTGCTTGTGATGCCATCAATTTTTGGGTCAAAAATGAG 480 

ThrArgGlyMetlleAspAsnLeuLeuSerProAsnLeuIleAspSerAlaLeuThrLys 161 
ACGAGGGGCATGATIGACAACCTACTTTCCCCAAATCTGATCGATAGTGTCCTTACCAAA 540 

LeuValLeuVaUsnAlaValTyrPheLysGlyLeuTrpLysSerArgPheGlnProGlu 181 
CTGGTCCTCGTTAACGCAGTGTATTTCAAGGGTTTGTGGAAATCCCGGTTTCAACCTGAG 600 

AsnThrLysLyeArgThrPheVaUlaGlyAspGlyLysSerTyrGlnValProMetLeu 201 
AACACGAAGAAACGGACCTTCGTGGCAGGTGATGGAAAATCCTACCAAGTACCCATGCTA 660 

AlaGlnLeuSerValPheArgSerGlySerlhrLysThrProAsnGlyLeuTrpTyrAsn 221 
GCCCAGCTCTCCGTGTTCCGCTCTGGGTCTACCAAAACCCCAAATGGCTTATGGTACAAC 720 

PhelleGluLeuProTyrHisGlyGluSerlleSerMetLeuIleAlaLeuProThrGlu 241 
TTCATTGAGCTACCCTACCATGGTGAGAGCATCAGCATGTTGATCGCCCTGCCMCAGAG 780 

SerSerThrProLeuSerAlallelleProHisIleSerThrLysThrlleAsnSerTrp 261 
AGCTCCACCCCACTGTCCGCCATCATCCCTCACATCAGTACCAAGACCATCAATAGCTGG 840 

MetAsnThrMetValProLysArgMetGlnLeuValLeuProLysPheThrAlaLeuAla 281 
ATGAACACCATGGTACCCA.AGAGGATGCAGCTGGTCCTGCCCAAGTTCACAGCTCTGGCA 900 

GlnThrAspLeuLysGluPrcLeuLysAlaLeuGlylleThrGluMetPheGluProSer 301 
CAAACAGATCTGAAGGAGCCACTGAAAGCCCTTGGCATTACTGAGATCTTTGAACCGTCA 960 

LysAlaAsnPheAlaLysIlelhrArgSerGluSerLeuHisValSerHisIleLeuGln 3?1 
AAGGCAAATTITGCAAAAATAACAAGGTCAGAGAGCCTTCACGTCICTCACATCTTGCAG 1020 

LysAlaLysIleGluValSerGluAspGlylhrLysAlaAlaValValThrThrAlalle 341 
AAAGCAAAAATTGAAGTCAGCGAAGATGGGACCAAAGCCGCAGTAGTGACAACTGCAATC 1080 

LeuIleAlaArgSerSerProProTrpPhelleVaUBpArgProPheLeuPheCysIle 361 
CTAATTGCAAGGTCAICGCCTCCCTGGTTTAIAGTAGACAGGCCTTTCCTGTTCTGCAIC 1140 
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ArgHisAsn^^hrGlyAlalleLeuPh LeuGlyGlnVal^^ysPro 

CGACACAATCCCACAGGTGCCATCTTGTTCCTGGGGCAGGTGAACAAGCCCTGA-Zs 



(V), 

wherein Zs and Z$, independently, are absent or a flanking DNA residue of. one or more nucleotides 
10 optionally linked, a double-stranded DNA consisting of a DNA of formula V and of a complementary DNA 

thereto, that complementary DNA itself, a mutant thereof, wherein one or more nucleotides are mutated, 

and fragments of such DNA comprising at least 15 nucleotides. 
29. A RNA coding for a human GdNPF of formula I or for rat GdNPF, a mutant thereof, wherein one or 

more nucleotides are mutated, or a fragment of such RNA comprising at least 15 nucleotides. 
15 30. A RNA according to claim 29 of formula III, wherein Yi to Y22, Z\ and Z2 have the meaning given 

under formula III in claim 20, except that RNA residues replace DNA residues and U replaces T. 
31 . A RNA according to claim 29 or 30 of formula IV, wherein W, Z3 and Z« have the meaning given under 

formula IV in claim 21 except that RNA residues replace DNA residues and U replaces T. 

32. A RNA according to claim 29 of formula V, wherein Z5 and Ze have the meaning given under formula V 
20 in claim 28 except that RNA residues replace DNA residues and U replaces T. 

33. A process for the preparation of DNAs coding for GdNPF, mutants thereof, DNAs coding for related 
polypeptides retaining neurite-promoting activity and fragments of such DNA comprising culturing a 
transformed host and isolating the desired DNA therefrom or synthesizing it by nucleotide condensation. 

34. A process according to claim 33, comprising the steps of 

25 a) isolating poly(A) messenger RNA (mRNA) from glial cells, optionally enriching rr.RNA coding for 

GdNPF or fragments thereof and preparing single-stranded DNA complementary to that mRNA and 
therefrom double-stranded complementary DNA (ds cDNA), or 

b) isolating genomic DNA from suitable cells and selecting the desired DNA using a DNA probe, 
and 

30 C ) incorporating ds cDNA of step a) or ds DNA of step b) into an appropriate expression vector. 

d) transforming an appropriate host with the obtained hybrid vector, 

e) selecting the transformed hosts which contain GdNPF DNA or fragments thereof from hosts 
containing no GdNPF DNA or fragments thereof, and 

f) isolating the desired DNA. 

35 35. A process according to claim 33, characterized in that an oligonucleotide is condensed with a mono- 

or oligonucleotide by chemical or enzymatic condensation. 
36. A process according to claim 34, characterized in that in step a) the mRNA is isolated from the 

human glioma cell line LN-340, which has been deposited at the 'Collection Nationale de Cultures de 

Microorganismes", Institut Pasteur, Paris, on February 5, 1986 under the number 1-518. 
40 37. A hybrid vector comprising a DNA coding for GdNPF, related peptides or fragments thereof, 

operatively linked to an expression control sequence. 

38. A hybrid vector according to claim 37 derived from plasmid pBR322. 

39. A hybrid vector according to claim 37 derived from plasmid pUC9. 

40. A host cell transformed with a hybrid vector according to claims 37, 38 or 39. 
45 41. A host cell according to claim 40 which is a cell of an Escherichia coli strain. 

42. A host cell according to claim 40 or 41 which is a cell of the strain E. coli HB 101 . 

43. A pharmaceutical preparation containing a therapeutically effective amount of a GdNPF, a related 
polypeptide or a fragment thereof retaining neurite-promoting activity. 

44. Use of a GdNPF, a related polypeptide or a fragment thereof retaining neurite-promoting activity for 
50 the manufacture of pharmaceutical preparations. 

Claims for the following contracting states: AT, ES, GR 

1. A process for the preparation of essentially pure human glia-derived neurite-promoting factor 
(GdNPF), related polypeptides or fragments thereof retaining neurite-promoting activity, characterized in 

55 that the desired compound is isolated from cells producing it or is synthesized by condensation 

reactions. 

2. A process according to claim 1 , comprising the steps of 

a) isolating a DNA coding for GdNPF or a fragment thereof from a cDNA library of glial cells or a 
genomic DNA library and optionally mutating it, or chemically synthesizing such a DNA, 
60 b) incorporating the DNA into an appropriate expression vector, 

c) transferring the obtained hybrid vector into a recipient host, 

d) selecting the transformed host from untransformed hosts by culturing under conditions under 
which only the transformed host survives. 

e) culturing the transformed host under conditions which allow expression of the heterologous 
65 polypeptide, and 



28 



t ) isolating the human^^^ 'F, related peptide, or fragment thereof. 

3. A process according to claim 1, characterfzed in that a N-protected amino acid is coupled to a 
suitable resin, the protecting group is removed, a sencon N-protected amino acid is condens d with tne 
amino group of the 'first amino acid, the cycle of deprotection/condensation with' the next N-protected 
amino acid is repeated until the peptide residue of the desired composition is complete, and finally this 5 
peptide residue is cleaved from the resin and deprotected. 

"4. A process according to claim 1, 2 or 3, characterized in that the starting material is so chosen as to 
prepare human GdNPF of the formula 

Xi-Ser-His-Phe-Asn-Pro-Leu-Ser-Leu-Glu-Glu-Leu-Gly-Ser-Asn-Thr-Gly- 16 
? lle-Gln-Val-Phe-Asn-Gln-lle-Val*Lys*Ser-Arg-Pro-His-Asp-Asn-lle-32 10 

Val-lle-Ser-Pro-His-Gly-lle-Ala-Ser-Val-Leu-Gly-Met-Leu-Gln-Leu-48 
£ ^ Gly-A!a-Asp-Gly-Arg-Thr-Lys-Lys-Gln-Leu-Ala-Met-Val-Met-Arg-Tyr- 64 

Gly-Val-Asn-Gly-Val-Gly-Lys-lle-Leu-Lys-Lys-lle-Asn-Lys-Ala-He-80 

Val-Ser-Lys-Lys-Asn-Lys-Asp-lle-Val-Thr-Val-Ala-Asn-Ala-Val-Phe-96 

Val-Lys-Asn-Ala-Ser-Glu-lle-Glu-Val-Pro-Phe-Val-Thr-Arg-Asn-Lys- 112 75 
Asp-Val-Phe-G!n-Cys-Glu-Val-Arg-Asn-Val-Asn-Phe-Glu-Asp-Pro-Ala- 128 
Ser-Ala-Cys-Asp-Ser-lle-Asn-Ala-Trp-Val-Lys-Asn-Glu-Thr-Arg-Asp- 144 
Met-lle-Asp-Asn-Leu-Leu-Ser-Pro-Asp-Leu-lle-Asp-Gly-Val-Leu-Thr- 160 
Arg-Leu-Val-Leu-Val-Asn-Ala-Val-Tyr-Phe-Lys-Gly-Leu-Trp-Lys-Ser- 176 

Arg-Phe-Gln-Pro-G!u-Asn-Thr-Lys-Lys-Arg-Thr-Phe-Val-Ala-Ala-Asp- 1 92 20 

Gly-Lys-Ser-Tyr-Gln-Val-Pro-Met-Leu-Ala-Gln-Leu-Ser-Val-Phe-Arg-208 

Cys-Gly-Ser-Thr-Ser-Ala-Pro-Asn-Asp-Leu-Trp-Tyr-Asn-Phe-IIe-Glu-224 

Leu-Pro-Tyr-His-Gly-G!u-Ser-lle-Ser-Met-Leu-lle-A!a-Leu-Pro-Thr-240 

Glu-Ser-Ser-Thr-Pro-Leu-Ser-Ala-lie-lle-Pro-His-Ile-Ser-Thr-Lys-256 

Thr-lle-Asp-Ser-Trp-Met-Ser-lle-Met-Val-Pro-Lys-Arg-Val-Gln-Val-272 25 

lle-Leu-Pro-Lys-Phe-Thr-Ala-Val-Ala-GIn-Thr-Asp-Leu-Lys-Glu-Pro-288 

Leu-Lys-Val-Leu-Gly-lle-Thr-Asp-Met-Phe-Asp-Ser-Ser-Lys-Ala-Asn-304 
i Phe-Ala-Lys-lle-Thr-X 2 -Ser-Glu-Asn-Leu-His-Val-Ser-His-l!e-Leu-320 
• Gln-Lys-Ala-Lys-lle-GIu-Val-Ser-Glu-Asp-GIy-Thr-Lys-Ala-Ser-Ala-336 

• * Ala-Thr-Thr-Ala-lle-Leu-lle-Ala-Arg-Ser-Ser-Pro-Pro-Trp-Phe-lIe- 352 30 

Val-Asp-Arg-Pro-Phe-Leu-Phe-Phe-lle-Arg-His-Asn-Pro-Thr-Giy-Ala- 368 
■* : Val-Leu-Phe-Met-Gly-Gin-lle-Asn-Lys-Pro 378 

(I). 

optionally glycosylated, wherein Cys is optionally in the disulfide form, X1 is hydrogen, acyl, the peptide 
residue of the formula 35 

-19 -15 -10 -5 

Met-Asn-Trp-His-Leu-Pro-Leu-Phe-Leu-Leu-Ala-Ser-Val-Thr-Leu-Pro-Ser- 



-1 

Ile-Cys- (II) 
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or a fragment of the residue of formula II comprising between 1 and 1 8 amino acids from the carboxyl end, 
" : optionally in acylated form, and X2 is Arg or Thr-Gly, related polypeptides retaining neurite-promoting 45 

activity, wherein one or more single amino acids in the compound of the formula I are replaced by other 
amino acids, and fragments of the compound of the formula I comprising at least 10 consecutive amino 
•\ acids selected from the amino acid chain between the amino acid 29 and amino acid 378 and optionally 

one or more other amino acids. 

5. A process according to claim 1, 2 or 3, characterized in that the starting material is so chosen as to 50 
prepare human GdNPF of the formula I, wherein Cys is optionally in the disulfide form and X1 is hydrogen, 

* acetyl, the peptide residue of the formula (I or a fragment of the residue of formula II comprising between 1 

and 1 8 amino acids from the carboxyl end. 

6. A process according to claim 1. 2 or 3, characterized in that the starting material is so chosen as to 
prepare human GdNPF of the formula I, wherein Cys is optionally in the disulfide form and X1 is hydrogen, 55 
the peptide residue of the formula II, the fragment comprising the amino acids -18 to -1 of the formula II, 

r^i Pro-Ser-lle-Cys-. Ser-lle-Cys-, Ile-Cys-, or Cys-. 

?' 7. A process according to claim 1. 2 or 3, characterized in that the starting material is so chosen as to 

prepare human GdNPF of formula I, wherein X2 is Arg. 

8. A process according to claim 1, 2 or 3, characterized in that the starting material is so chosen as to 60 
prepare human GdNPF f formula I, wherein X2 is Thr-Gly. 

9. A process according to claim 1, 2 or 3, characterized in that the starting material is so chosen as to 
prepare a GdNPF-related polypeptide of formula I, wherein X1 and X2 have the meaning given in claim 4 
and wherein one, two, three or four single amino acids are replaced by oth r amino acids. 

10. A process according to claim 1, 2 or 3, characterized in that the starting material is so chosen as to 65 
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ie^^^. nprising at least 10 consecutive amino aci^^^tf 



prepare a fragmerT^.nprising at least 10 consecutive amino acid^^the compound of the formula I, 
wherein X2 is Arg or Thr-Gly, s lected from the amino acid chain between the amino acid 29 and amino 
acid 378, and optionally one or more other amino acids. 

1 1. A process according to claim 1, 2 or 3, characterized in that the starting material is so chosen as to 
5 prepare a fragment comprising amino acids 2 to 378, 3 to 378, 4 to 378, 5 to 378, 6 to 378, or 7 to 378 of the 

compound of the formula I, wherein X2 is Arg or Thr-Gly. 

12. A process according to claim 1, 2 or 3, characterized in that the starting material is so chosen as to 
prepare a fragment comprising 10 to 50 consecutiv amino acids of formula I, wherein X2 is Arg, including 
310 Arg and 31 ^er and/or 345 Arg and 346 Ser and optionally one, two or three other amino acids. 

10 13. A process according to claim 1, 2 or 3, characterized in that the starling material is so chosen as to 

prepare a fragment comprising 10 to 50 consecutive amino acids of formula I including amino acids 
selected from the amino acid chain 72 to 96, 134 to 146, 159 to 195 or 314 to 378, and optionally one, two 
or three other amino acids. 

14. A process according to claim 1, 2 or 3, characterized in that the starting material is so chosen as to 
75 prepare a fragment of the formula Gln-Lys-Ala-Lys-lle-Glu-Val-Ser-Glu-Asp-Gly-Thr-Lys-Ala. 

15. A process according to claim 1, 2 or 3, characterized in that the starting material is so chosen as to 
prepare a fragment of the formula His-lys-Ala-Lys-lle-Glu-Val-Ser-Glu-Asp-Gly-Thr-Lys-Ala. 

16. A process according to claim 1, 2 or 3, characterized in that the starting material is so chosen as to 
prepare a fragment of the formula Arg-Ser-Ser-Pro-Pro-Trp-Phe-lle-Val-Asp-Ser-Phe. 

20 17. A process according to claim 1, 2 or 3, characterized in that the starting material is so chosen as to 

prepare a fragment of the formula Lys-Ser-Arg-Phe-Gin-Pro-Glu-Asn-Thr-Lys-Lys-Arg-Thr-Phe. 

18. A process for the preparation of DNAs coding for GdNPF, mutants thereof, DNAs coding for related 
polypeptides retaining neurite-promoting activity and fragments of such DNA comprising culturing a 
transformed host and isolating the desired DNA therefrom or synthesizing it by nucleotide condensation. 

25 1 9. A process according to claim 1 8, comprising the steps of 

a) isolating poly(A) messenger RNA (mRNA) from glial cells, optionally enriching mRNA coding for 
GdNPF or fragments thereof and preparing single-stranded DNA complementary to that mRNA and 
therefrom double-stranded complementary DNA (ds cDNA), or 

b) isolating genomic DNA from suitable ceils and selecting the desired DNA using a DNA probe, 
30 and 

c) incorporating ds cDNA of step a) or ds DNA of step b) into an appropriate expression vector, 

d) transforming an appropriate host with the obtained hybrid vector, 

e) selecting the transformed hosts which contain GdNPF. DNA or fragments thereof from hosts 
containing no GdNPF DNA or fragments thereof, and 

35 f) isolating the desired DNA. 

20. A process according to claim 18, characterized in that an oligonucleotide is condensed with a mono- 
or oligonucleotide by chemical or enzymatic condensation. 

21. A process according to claim 19, characterized in that in step a) the mRNA is isolated from the 
human glioma cell line LN-340, which has been deposited at the "Collection Nationale de Cultures de 

40 Microorganismes\ institut Pasteur, Paris, on February 5, 1986 under the number 1-518. 

22. A process accordding to claim 18, 19 or 20, characterized in that the starting material is so chosen as 
to prepare a DNA of the formula Zi-Yi3-Y 3 -Yi8-Y9-Yii-Yi5-Yu-Yi4-Yii-Yii-Yi-Yi6-Y2o-Yi7-Yii- 
Yi5-Yi6-Yio-Y5-Yi6-Y9-Yi4-Y3-Yi5-Yii-Yi6-Yii-Y7-Y7-Yii-Y8-Yi6-Y 3 -Yi7-Y8-Yio-Y6-Y20-Yi4-Y3-Y6- 
Yio-Y2o-Yi2-Yi6-Y2-Yi5-Y9-Y4-Y3-Yio-Y2o-Yio-Yi6-Yi5-Y9-Y 8 -Yio-Yi-Yi6-Y2o-Yii-Y8-Yi3 -Yn-Y 6 - 

45 Yi 1 -Y8-Yi-Y4-Y8-Y2-Yi7-Yi2-Y l 2-Y6-Yii-Yi-Yi3-Y 2 o-Yi3-Y2-Yi9-Y8-Y20-Y3-Y8-Y20-Y8-Yi2-Yio-Yii- 

Yi2-Yi2-Yio-Y 3 -Yi2-Yi-Yio-Y20-Yi6-Yi2-Yi2-Y3-Yi2-Y4-Yio-Y2o-Yi7-Y2o-Yi-Y 3 -Yi-Y2o-Yi4-Y2o-Yi2-Y3- 
Yi-Yi6-Y7-Yi0-Y7-Y20.Yi5-Yi4-Y20-Yi7-Y2Y3-Yi2-Y4-Y20-Yi4-Y6-Y5-Y7-Y20-Y2-Y3-Y20-Y 3 -Yi4-Y7- 
Y4-Y15-Y1-Y16-Y1-Y5-Y4-Y16-Y10-Y3-Y1-Y18-Y20-Y12-Y3-Y7-Y17-Y2-Y4-Y13-Y10-Y4-Y3-YU-Y11-Y16- 
Yi5-Y4-Yii-Yio-Y4-Ye-Y2o-Yii-Yi7-Y2-Yii-Y20-Yii-Y2o-Y3-Yi-Y2o-Yi9-Yi4-Yi2-Y8-Yu-Yi8-Yi2-Yi6-Y 

50 2-Yi4-Y6-Y 1 5-Y7-Y 3 -Yi7-Yi2-Y 1 2-Y2-Y 1 7-Y^^ 
Yii-Yi6-Y2o-Yi4-Y2-Y5-Y 8 -Yi6-Yi7-Yi6^ 

Y7-Y16-Y10-Y16-Y13-Y11-Y10-Y1-Y11-Y15-Y17Y7-Y16Y16-Y17- Y15-Y11-Y16-Y1-Y10-Y10-Y1S-Y9-Y10-Y16- 
Yi7-Yi2-Yi7-Yio-Y4-Yi6-Y,8-Y,3-Yi 6 -Yio-Yn 
Yi-Y2 0 -Yi-Y 6 -Yi7-Y4-Yii-Yi2-Y7-Yi5Yii^^ 
55 Y1-Y12-Y1 0'Yi7-Y22-Yi6-Y7-Y3-Yii-Y9-Y 2 o-Yi6-Y9-Yio-YiiY6-Yi2-Yi-Yi2-Yio-Y7-Y2o-Yi6-Y7-Y4-Y8- 

Yi7-Yi 2 -Yi-Yi6-Yi-Yi-Yi7-Yi7-Yi.Yio-Yii-Yio-Yi-Y2-Yi6-Yi6-Yi5-Y 15 -Yi8-Yi4-Yio-Y2o-Y4-Y2-Yi5-Yi4- 
Y1 i-Yi4-Yu-Yio-Y2.Y 9 .Y3.Yi5-Yi7-Y8-Yi.Y20-Yii-Yu-Yi3-Y8 -Y 6 -Yio-Y 3 -Yi2-Yi5-Y2i-Z2 
(IN). 

wherein 

60 Y1 codes for alanine (Ala) and is GCT, GCC, GCA or GCG, 

Y2 codes for arginine (Arg) and is CGT, CGC, CGA, CGG. AGA or AGG, 

Y3C desforasparagine(Asn)andisAATorAAC, 

Y4 codes for aspartic acid (Asp) and is GAT or GAC, 

Y5 codes for cysteine (Cys) and is TGT or TGC, 
65 Ye codes for glutamine (Gin) and is CAA or CAG, 
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Y7 codes for glutamic acid (Glu) iAA or GAG, 
Ys codes for glycine (Gly) and is GGT, GGC, GGA or GGG, 
Yg codes for histidine (His) and is CAT or CAC. 
Y10 codes for isoleucine«(lle) and is ATT, ATC or ATA, 
Yi 1 codes for leucine (Leu) and is TTA, TTG, CTT. CTC, CTA or CTG, 
Y12 codes for lysine (Lys) and is AAA or AAG, 
Yn codes for methionine (Met) and is ATG, 
Y w codes for phenylalanine (Phe) and is TTT or TTC, 
Y15 codes for proline (Pro) and is CCT. CCC, CCA or CCG, 
Yi 6 codes for serine (Ser) and is TCT, TCC, TCA, TCG, AGT or AGC, 
Y17 codes for threonine (Thr) and is ACT, ACC. ACA or ACG. 
Y18 codes for tryptophan (Trp) and is TGG. 
Y19 codes for tyrosine (Tyr) and is TAT or TAC, 
Y 20 codes for valine (Val) and is GTT, GTC, GTA or GTG, 
Y21 is a stop codon TAA, TAG or TGA, 
Y 22 isY 2 orYw-Ye. 

Z1 is a flanking DNA residue of 12 nucleotides or more containing a promoter sequence, 
Z 2 is absent or a flanking DNA residue of one or more nucleotides, and Zi and Z2 are optionally linked, 
a double-stranded DNA consisting of a DNA of formula II! and of a complementary DNA thereto, that 
complementary DNA itself, a mutant thereof, wherein one or more nucleotides are mutated, and 
fragments of such DNA comprising at least 15 nucleotides. 

23. A process accordding to claim 18, 19 or 20, characterized in that the starting material is so chosen as 
to prepare a DNA of the formula 

HetAsnTrpHisLeuProLeuPheLeuLeuAlaSer -8 
23-CGGTCGTCCITGGIGGAAGTAACCATGAACTGGCATCTCCCCCTCTTCCTCTTGGCCTCT 60 

-1 1 

ValThrLeuProSerlleCysSerHisPheAsnProLeuSerLeuGluGluLeuGlySerAsn 14 
GTGACGCTGCCTTCCATCTGCTCCCACTTCAATCCICIGTCTCTCGAGGAACTAGGCTCCAAC 123 

ThrGlylleGlnValPheAsnGlnlleValLysSerArgProHisAspAsnlleVallleSer 35 
ACGGGGATCCAGGTTTTCAATCAGATTGTGAAGTCGAGGCCTCATGACAACATCGTGATCTCT 186 



ProHisGlylleAlaSerValLeuGlyMetLeuGlnLeuGlyAlaAspGlyArgThrLysLys 56 

CCCCATGGGATTGCGTCGGTCCTGGGGATGCTTCAGCTGGGGGCGGACGGCAGGACCAAGAAG 249 

GlnLeuAlaMetValMetArgTyrGlyValAsnGlyValGlyLysIleLeuLysLysIleAsn 77 

CAGCTCGCCATGGTGATGAGATACGGCGTAAATGGAGTTGGTAAAATATTAAAGAAGATCAAC 31 2 ■ 

LysAlalleValSerLysLysAsnLysAspIleValThrValAlaAsnAlaValPheValLys 98 

AAGGCCATCGTCTCCAAGAAGAATAAAGACATTGTGACAGTGGCTAACGCCGTGTTTGTTAAG 375 

AsnAlaSerGluIleGluValProPheValThrArgAsnLysAspValPheGlnCysGluVal 119 

AATGCCTCTGAMTTGAAGTGCCTTTTGTTACAAGGAA(^lAAGATGTGTTCCAGTGTGAGGTC 438 

ArgAsnValAsnPheGluAspProAlaSerAlaCysAspSerlleAsnAlaTrpValLysAsn 140 

CGGAATGTGAACTTTGAGGATCCAGCCTCTGCCTGTGATTCCATCAATGCATGGGTTAAAAAC 501 
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0 233 838 — 

GluThrArgAspMetlleAspAsnLeuLeuSerProAspLeuIleA^blyValLeuThrArg 161 

GAAACCAGGGATATGATTGACAATCTGCTGTCCCCAGATCTTATTGATGGTGTGCTCACCAGA 564 

LeuValLeuValAsn-^laValTyrPheLysGlyLeuTrpLysSerArgPheGlnProGluAsn 182 

CTGGTCCTCGTCAACGCAGTGTATTTCAAGGGTCTGTGGAAATCACC-GTTCCAACCCGAGAAC 627 

ThrLysLysArgThrPheValAlaAlaAspGlyLysSerTyrGlnValProMetLeuAlaGln 203 

ACAAAGAAACGCACTTTCGTGGCAGCCGACGGGAAATCCTATCAAGTGCCAATGCTGGCCCAG 690 

LeuSerValPheArgCycGlySerThrSerAlaProAsnAspLeuTrpTyrAsnPhelleGlu 224 

CTCTCCGTGTTCCGGTGTGGGTCGACAAGTGCCCCCAATGATTTATGGTACAACTTCATTGAA 753 

LeuProTyrHisGlyGluSerlleSerMetLeuIleAlaLeuProThrGluSerSerThrPro 245 

CTGCCCTACCACGGGGAAAGCATCAGCATGCTGATTGCACTGCCGACTGAGAGCTCCACTCCG 816 

LeuSerAlallelleProHisIleSerThrLysThrlleAspSerTrpMetSerlleMetVal 266 

CTGTCTGCCATCATCCCACACATCAGCACCAAGACCATAGACAGCTGGATGAGCATCATGGTG 8 7 9 

ProLysArgValGlnVallleLeuProLysPheThrAlaYalAlaGlnlhrAspLeuLysGlu 287 

CCCAAGAGGGTGCAGGTGATCCTGCCCAAGTTCACAGCTGTAGCACAAACAGATTTGAAGGAG 942 



ProLeuLysValLeuGlylleThrAspMetPheAspSerSerLysAlaAsnPheAlaLysIle 
CCGCTGAAAGTTCTTGGCATTACTGACATGTTIGATTCATCAAAGGCAAATTTTGCAAAAATA 



308 
1005 



IhrXz-SerGluAsnLeuHisValSerHisIleLeuGlnLysAlaLysIleGluValSerGlu 329 
ACAWGGTCAGAAAACCTCCAIGTTTCTCATATCTTGCAAAAAGCAAAAATTGAAGTCAGTGAA 1068 

AspGlyThrLysAlaSerAlaAlalhrThrAlalleLeuIleAlaArgSerSerProProTrp 350 
GATGGAACCAAAGCTTCAGCAGCAACAACTGCAATTCTCATTGCAAGATCATCGCCTCCCTGG 1131 

PhelleValAspArgProPheLeuPhePhelleArgHisAsnProThrGlyAlaValLeuPhe 371 
TTTATAGTAGACAGACCTTTTCTGTTTITCATCCGACATAAICCTACAGGTGCTGTGTTATTC 1194 
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0 ojo 

MetGlyGlnlleAsnLysPr^ 
ATGGGGCAGATAAACAAACCCTGAAGAGTATACAAAAGAAACCATGCAAAGCAACGACTACTT 1257 

TGC-Zw (IV), 



wherein W is A or ACAG, X2 is Arg or Thr-Gly and Z3 and Z4, independently, are absent or a flanking DNA 
residue of one or more nucleotides optionally linked, a double-stranded DNA consisting of a DNA of 
formula IV and of a complementary DNA thereto, that complementary DNA itself, a mutant thereof, 
wherein one or more nucleotides are mutated, and fragments of such DNA comprising at least 15 
nucleotides. 

24. A process according to claim 18, 19 or 21, characterized in that the starting material is so chosen as 
to prepare a DNA of the formula IV, wherein W is A and X2 is Arg. 

25. A process according to claim 18, 19 or 21, characterized in that the starting material is so chosen as 
to prepare a DNA of the formula IV, wherein W is ACAG and X2 is Thr-Gly. 

26. A process accordding to claim 18, 19 or 20, characterized in that the starting material is so chosen as 
to prepare a DNA, which hybridizes with a DNA of formula IV or with a DNA complementary to the DNA of 
formula IV. 

27. A process accordding to claim 18, 19 or 20, characterized in that the starting material is so chosen as 
to prepare a DNA of the formula 

-1 1 

MetAsnTrpHisPheProPhePhelleLeuThrThrValThrLeuSerSerValTyrSer 1 
Z5-ATGAATTGGCAITTTCCCTTCTTCATCTTGACCACAGTGACTTTATCCTCTGTGTACTCC 60 

GlnLeuAsnSerLeuSerLeuGluGluLeuGlySerAspThrGlylleGlnValPheAsn 21 
CAGCTCAACTCTCTGTCACTCGAGGAACTAGGCTCTGACACAGGGATCCAGGTTTTCAAT 120 
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GlnllelleL 

GlnProHisGluAsnValVallleSerPr^^GlylleAlaSer " 41 

CAGATCATCAAATCACAGCCTCATGAGAACGTTGTCATTTCTCCGCACGGGATTGCGTCC 180 

IleLeuGlyMetLeuGlnLeuGlyAlaAspGlyArgThrLysLysGlnLeuSetThrVal 61 
ATCTTGGGCATGCTGCAGCTGGGGGCTGACGGCAGGACGAAGAAGCAGCTCTCAACGGTG 240 

MetArgTyrAsnValAsnGlyValGlyLysValLeuLysLysIleAsnLysAlalleVal 81 
ATGCGATACAATGTGAACGGAGTCGGAAAAGTGCTGAAGAAGATCAACAAGGCTATAGTC 300 

SerLysLysAsnLysAspIleValThrValAlaAsnAlaValPheValArgAsnGlyPhe 101 
TCCAAAAAGAATAAAGACATAGTGACCGTGGCCAATGCTGTGTTTGTCAGGAATGGCTIT 360 

LysValGluValProPheAlaAlaArgAsnLysGluValPheGlnCysGluValGlnSer 121 
AAAGTGGAAGTGCCTTTTGCAC-CAAGGAACAAAGAGGTGTTTCAGTGTGAAGTACAGAGT 420 

ValAsnPheGlnAspProAlaSerAlaCysAspAlalleAsnPheTrpValLysAsnGlu 141 
GTGAACTTCCAGGACCCGGCCTCTGCTTGTGATGCCATC^ATTTTTGGGTCAAAAATGAG 480 

ThrArgGlyMetlleAspAsnLeuLeuSerProAsnLeuIleAspSerAlaLeuThrLys 161 
ACGAGGGGCATGATTGACAACCTACTTTCCCCAAATCTGATCGATAGTGTCCTTACCAAA 540 

LeuValLeuValAsnAlaValTyrPhaLysGlyLeuTrpLyiSerArgPheGlnProGlu 181 
CTGGTCCTCGTTAACGCAGTGTATTTCAAGGGTTTGTGGAAATCCCGGTTTCAACCTGAG 600 

AsnThrLysLysArgThrPheValAlaGlyAspGlyLysSerlyrGlnValProMetLeu 201 
AACACGAAGAAACGGACCTTCGTGGCAGGTGATGGAAAATCCTACCAAGTACCCATGCTA 660 

AlaGlnLeuSerValPheArgSerGlySerThrLysThrProAsnGlyLeuTrpTyrAsn 221 
GCCCAGCTCTCCGTGTTCCGCTCTGGGTCTACCAAAACCCCAAAIGGCTTATGGTACAAC 720 

PhelleGluLeuProTyrHisGlyGluSerlleSerMetLeuIleAlaLeuProThrGlu 241 
TTCAITGAGCTACCCTACCATGGTGAGAGCATCAGCATGTIGAICGCCCTGCCAACAGAG 780 

SerSerThrProLeuSerAlallelleProHisIleSerlhrLysThrlleAsnSerlrp 261 
AGCTCCACCCCACTGTCCGCCATCATCCCTCACATCAGTACCAAGACCATCAATAGCTGG 840 
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KetAsnThrMetYalProLy MetGlnLeuValLeuProLysPheThrAla^^la 281 

ATGAACACCATGGTACCCAAGAOuATGCAGCTGGTCCTGCCCAAGTTCACAGCTCxw JCA 900 

GlnThrAspLeuLysGluProLeuLysAlaLeuGlylleThrGluMetPheGluProSer 301 

CAAACAGATCTGAAGGAGCCACTGAAAGCCCTTGGCATTACTGAGATCTTTGAACCGTCA 960 

LysAlaAsnPheAlaLysIleThrArgSerGluSerLeuHisValSerHisIleLeuGln 321 

AAGGCAAATTTTGCAAUATAACAAGGTCAGAGAGCCTTCACGTCTCTCACATCTTGCAG 1020 



LysAlaLysIleGluValSerGluAspGlyThrLysAlaAlaValValThrThrAlalle 341 
AAAGCAAAAATTGAAGTCAGCGA.^GATGGGACCA.^AGCCGCAGTAGTGACAACTGCAATC 1080 

LeuIleAlaArgSerSerProProTrpPhelleValAspArgProPheLeuPheCysIle 361 
CTAATIGCAAGGTCATCGCCTCCCTGGTTTAIAGTAGACAGGCCTTTCCTGTTCTGCATC 1 1 40 

ArgHisAsnProIhrGlyAlalleLeuPheLeuGlyGlnVaL^snLysPro 
CGACACAATCCCACAGGTGCCATCTTGTTCCTGGGGCAGGTGAACAAGCCCTGA-Zg 

(V), 



wherein Zs and Z$ t independently, are absent or a flanking DNA residue of one or more nucleotides 
optionally linked, a double-stranded DNA consisting of a DNA of formula V and of a complementary DNA 
thereto, that complementary DNA itself, a mutant thereof, wherein one or more nucleotides are mutated, 
and fragments of such DNA comprising at least 15 nucleotides. 

28. A process for the preparation of a RNA coding for a human GdNPF of formula I or for rat GdNPF, a 
mutant thereof, wherein one or more nucleotides are mutated, or a fragment of such RNA comprising at 
least 15 nucleotides, characterized in that it is isolated from glial ceils. 

29. A host cell transformed with a hybrid vector comprising a DNA coding for GdNPF, related peptides or 
fragments thereof operatively linked to an expression control sequence. 

30. A host ceil according to claim 29 which is a cell of an Escherichia coli strain. 

31 . A host cell according to claim 29 or 30 which is a cell of the strain E. coli HB 101. 

32. A process for the preparation of a pharmaceutical composition, characterized in that human GdNPF, 
related polypeptides or fragments thereof retaining neurite-promoting activity are mixed with a 
pharmaceutical^ acceptable carrier. 
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